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A Corporate Dedication to 
Quality and Reliability 


National Semiconductor is an industry leader in the 
manufacture of high quality, high reliability integrated 
circuits. We have been the leading proponent of driv- 
ing down IC defects and extending product lifetimes. 
From raw material through product design, manufac- 
turing and shipping, our quality and reliability is second 
to none. 

We are proud of our success .. . it sets a standard for 
others to achieve. Yet, our quest for perfection is on- 
going so that you, our customer, can continue to rely 
on National Semiconductor Corporation to produce 
high quality products for your design systems. 


Charles E. Sporck 


President, Chief Executive Officer 
National Semiconductor Corporation 





Wir fuhlen uns zu Qualitat und 
Zuverlassigkeit verpflichtet 


National Semiconductor Corporation ist fuhrend bei der Her- 
stellung von integrierten Schaltungen hoher Qualitat und 
hoher Zuverlassigkeit. National Semiconductor war schon 
immer Vorreiter, wenn es galt, die Zahl von IC Ausfallen zu 
verringern und die Lebensdauern von Produkten zu verbes- 
sern. Vom Rohmaterial iber Entwurf und Herstellung bis zur 
Auslieferung, die Qualitat und die Zuverlassigkeit der Pro- 
dukte von National Semiconductor sind unubertroffen. 


Wir sind stolz auf unseren Erfolg, der Standards setzt, die 
fiir andere erstrebenswert sind. Auch ihre Anspriiche steig- 
en standig. Sie als unser Kunde kénnen sich auch weiterhin 
auf National Semiconductor verlassen. 


La Qualité et La Fiabilité: 
Une Vocation Commune Chez National 
Semiconductor Corporation 


National Semiconductor Corporation est un des leaders in- 
dustriels qui fabrique des circuits intégrés d’une trés grande 
qualité et d’une fiabilité exceptionelle. National a été le pre- 
mier A vouloir faire chuter le nombre de circuits intégrés 
défectueux et a augmenter la durée de vie des produits. 
Depuis les matiéres premiéres, en passant par la concep- 
tion du produit sa fabrication et son expédition, partout la 
qualité et la fiabilité chez National sont sans équivalents. 


Nous sommes fiers de notre succés et le standard ainsi 
défini devrait devenir l’objectif a atteindre par les autres so- 
ciétés. Et nous continuons a vouloir faire progresser notre 
recherche de la perfection; il en résulte que vous, qui étes 
notre client, pouvez toujours faire confiance a National 
Semiconductor Corporation, en produisant des systémes 
d’une trés grande qualité standard. 


Un Impegno Societario di Qualita e 
Affidabilita 


National Semiconductor Corporation 6 un’industria al ver- 
tice nella costruzione di circuiti integrati di alta qualita ed 
affidabilita. National 6 stata il principale promotore per |’ab- 
battimento della difettosita dei circuiti integrati 6 per l’allun- 
gamento della vita dei prodotti. Da! materiale grezzo attra- 
verso tutte le fasi di progettazione, costruzione e spedi- 
zione, la qualita e affidabilita National non 6 seconda a nes- 
suno. 


Noi siamo orgogliosi del nostro successo che fissa per gli 
altri un traguardo da raggiungere. !I nostro desiderio di per- 
fezione é d’altra parte illimitato e pertanto tu, nostro cliente, 
puoi continuare ad affidarti a National Semiconductor Cor- 
poration per la produzione dei tuoi sistemi con elevati livelli 
di qualita. 
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Charles E. Sporck 


President, Chief Executive Officer 
National Semiconductor Corporation 
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NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR 
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR COR- 
PORATION. As used herein: 


1. Life support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the body, 
or (b) support or sustain life, and whose failure to per- 
form, when properly used in accordance with instructions 
for use provided in the labeling, can be reasonably ex- 
pected to result in a significant injury to the user. 


2. A critical component is any component of a life support 
device or system whose failure to perform can be reason- 
ably expected to cause the failure of the life support de- 
vice or system, or to affect its safety or effectiveness. 


National Semiconductor Corporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000 
TWX (910) 339-9240 


National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time 
without notice, to change said circuitry or specifications. : 





Introduction 


FACT™ (Fairchild Advanced CMOS Technology) is a very 
high-speed, low power CMOS Logic family utilizing a 1.3 »M 
lsoplanar silicon gate CMOS process. FACT logic functions 
can attain speeds similar to that of Advanced Low Power 
Schottky while retaining the advantages of CMOS logic: Ultra 
low static power and high noise immunity. FACT offers the 
system designer the added benefit of superior line driving 
characteristics and excellent ESD and Latch-up immunity. 
The FACT family consists of devices in two categories: 


1. AC—standard logic functions with CMOS compatible in- 
puts and TTL and MOS compatible outputs; 


2. ACT—standard logic functions with TTL compatible inputs 
and TTL and MOS compatible outputs. 


Product Index and Selection Guide 


Lists 54AC/74AC and 54ACT/74ACT circuits currently avail- 
able, in design or planned. The selection guide groups the 
circuits by function. 


Section 1 FACT Descriptions and Family 
Characteristics 


Basic information on FACT performance including technol- 
ogies. 


Section 2 Ratings, Specifications and 
Waveforms 


Contains common ratings and specifications for FACT de- 
vices, as well as AC test loads and waveforms. 


Section3 Design Considerations 


Information to assist both TTL and CMOS designers to get 
the most out of the FACT family. 


Section 4 Data Sheets 


Contains data sheets for currently available and pending new 
products. 


Section5 Packaging Outlines and Ordering 
Information 





uononpowju] 


Product Status Definitions 
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Semiconductor 


Product Status Definitions 


Definition of Terms 
Data Sheet Identification Product Status Definition 
if | Formative or This data sheet contains the design specifications for product 
In Design development. Specifications may change in any manner without notice. 
First This data sheet contains preliminary data, and supplementary data will 
Production be published at a later date. National Semiconductor Corporation 


reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 


Full This data sheet contains final specifications. National Semiconductor 
Production Corporation reserves the right to make changes at any time without 
notice in order to improve design and supply the best possible product. 


National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to 


improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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Alpha-Numeric Index 


54AC/74AC00 Quad 2-Input NAND Gate 

54AC/74AC02 Quad 2-Input NOR Gate 

54AC/74AC04 Hex Inverter 

54AC/74AC08 Quad 2-Input AND Gate 

54AC/74AC10 Triple 3-Input NAND Gate 

54AC/74AC11 Triple 3-Input AND Gate 

54AC/74AC14 Hex Inverter with Schmitt Trigger Input 
54AC/74AC20 Dual 4-Input NAND Gate 

54AC/74AC32 Quad 2-Input OR Gate 

54AC/74AC74 Dual D Positive Edge-Triggered Flip-Flop 
54AC/74AC85 4-Bit Magnitude Comparator 

54AC/74AC86 Quad 2-Input Exclusive-OR Gate 

54AC/74AC109 Dual JK Positive Edge-Triggered Flip-Flop 
54AC/74AC112 Dual JK Negative Edge-Triggered Flip-Flop 
54AC/74AC138 1-of-8 Decoder/Demultiplexer 

54AC/74AC139 Dual 1-of-4 Decoder/Demultiplexer 
54AC/74AC151 8-Input Multiplexer 

54AC/74AC153 Dual 4-Input Multiplexer 

54AC/74AC157 Quad 2-Input Multiplexer 

54AC/74AC158 Quad 2-Input Multiplexer 

54AC/74AC161 Synchronous Presettable Binary Counter 
54AC/74AC163 Synchronous Presettable Binary Counter 
54AC/74AC164 Serial-in, Parallel-Out Shift Register 
54AC/74AC169 4-Stage Synchronous Bidirectional Counter 
54AC/74AC174 Hex D Flip-Flop with Master Reset 
54AC/74AC175 Quad D Flip-Flop 

54AC/74AC191 Up/Down Counter with Preset and Ripple Clock 
54AC/74AC240 Octal Buffer/Line Driver with TRI-STATE Outputs 
54AC/74AC241 Octal Buffer/Line Driver with TRI-STATE Outputs 
54AC/74AC244 Octal Buffer/Line Driver with TRI-STATE Outputs 
54AC/74AC245 Octal Bidirectional Transceiver wilh TRI-STATE Inpuls/Ouipuis 
54AC/74AC251 8-Input Multiplexer with TRI-STATE Output 
54AC/74AC253 Dual 4-Input Multiplexer with TRI-STATE Outputs 
54AC/74AC257 Quad 2-Input Multiplexer with TRI-STATE Outputs 
54AC/74AC258 Quad 2-Input Multiplexer with TRI-STATE Outputs 
54AC/74AC269 8-Bit Bidirectional Binary Counter 

54AC/74AC273 Octal D Flip-Flop 

54AC/74AC280 9-Bit Parity Generator/Checker 

54AC/74AC283 4-Bit Binary Full Adder with Fast Carry 
54AC/74AC299 8-Input Universal Shift/Storage Register with Common Parallel |/O Pins 
54AC/74AC350 4-Bit Shifter with TRI-STATE Outputs 
54AC/74AC373 Octal Transparent Latch with TRI-STATE Outputs 
54AC/74AC374 Octal D Flip-Flop with TRI-STATE Outputs 
54AC/74AC377 Octal D Flip-Flop with Clock Enable 
54AC/74AC520 8-Bit Identity Comparator 

54AC/74AC521 8-Bit Identity Comparator 

54AC/74AC540 Octal Buffer/Line Driver with TRI-STATE Outputs 
54AC/74AC541 Octal Buffer/Line Driver with TRI-STATE Outputs 
54AC/74AC574 Octal D Flip-Flop with TRI-STATE Outputs 
54AC/74AC646 Octal Transceiver/Register with TRI-STATE Outputs 
54AC/74AC648 Octal Transceiver/Register with TRI-STATE Outputs 
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Alpha-Numeric INdEX (continued) 


54AC/74AC821 10-Bit D Flip-Flop with TRI-STATE Outputs 

54AC/74AC823 9-Bit D Flip-Flop 

54AC/74AC825 8-Bit D Flip-Flop 

54AC/74AC843 9-Bit Transparent Latch 

54AC/74AC845 8-Bit Transparent Latch with TRI-STATE Outputs 

54AC/74AC2708 64 x 9 First-In, First-Out Memory 

54AC/74AC4024 7-Stage Binary Ripple Counter 

54ACT/74ACT00 Quad 2-Input NAND Gate 

54ACT/74ACT04 Hex Inverter 

54ACT/74ACT08 Quad 2-Input AND Gate 

54ACT/74ACT14 Hex Inverter with Schmitt Trigger Input 

54ACT/74ACT32 Quad 2-Input OR Gate 

54ACT/74ACT74 Dual D Positive Edge-Triggered Flip-Flop 

54ACT/74ACT85 4-Bit Magnitude Comparator 

54ACT/74ACT109 Dual JK Positive Edge-Triggered Flip-Flop 

54ACT/74ACT112 Dual JK Negative Edge-Triggered Flip-Flop 

54ACT/74ACT138 1-of-8 Decoder/Demultiplexer 

54ACT/74ACT139 Dual 1-of-4 Decoder/Demultiplexer 

54ACT/74ACT151 8-Input Multiplexer 

54ACT/74ACT153 Dual 4-Input Multiplexer 

54ACT/74ACT157 Quad 2-Input Multiplexer 

54ACT/74ACT158 Quad 2-Input Multiplexer 

54ACT/74ACT161 Synchronous Presettable Binary Counter 

54ACT/74ACT163 Synchronous Presettable Binary Counter 

54ACT/74ACT 164 Serial-In, Parallel-Out Shift Register 

54ACT/74ACT174 Hex D Flip-Flop with Master Reset 

54ACT/74ACT175 Quad D Flip-Flop 

54ACT/74ACT 181 4-Bit Arithmetic Logic Unit 

54ACT/74ACT 182 Carry Look-Ahead Generator 

54ACT/74ACT240 Octal Buffer/Line Driver with TRI-STATE Outputs 

54ACT/74ACT241 Octal Buffer/Line Driver with TRI-STATE Outputs 

54ACT/74ACT244 Octal Buffer/Line Driver with TRI-STATE Outputs 

54ACT/74ACT245 Octal Bidirectional Transceiver with TRI-STATE Inputs/Outputs 

54ACT/74ACT251 8-Input Multiplexer with TRI-STATE Output 

54ACT/74ACT253 Dual 4-Input Multiplexer with TRI-STATE Outputs 

54ACT/74ACT257 Quad 2-Input Multiplexer with TRI-STATE Outputs 

54ACT/74ACT258 Quad 2-Input Multiplexer with TRI-STATE Outputs 

54ACT/74ACT273 Octal D Flip-Flop 

54ACT/74ACT280 9-Bit Parity Generator/Checker 

54ACT/74ACT283 4-Bit Binary Full Adder with Fast Carry 

54ACT/74ACT299 8-Input Universal Shift/Storage Register with Common Parallel I/O Pins 

54ACT/74ACT323 8-Bit Universal Shift/Storage Register with Synchronous Reset and 
‘Common I/O Pins 

54ACT/74ACT350 4-Bit Shifter with TRI-STATE Outputs 

54ACT/74ACT373 Octal Transparent Latch with TRI-STATE Outputs 

54ACT/74ACT374 Octal D Flip-Flop with TRI-STATE Outputs 

54ACT/74ACT377 Octal D Flip-Flop with Clock Enable 

54ACT/74ACT381 4-Bit Arithmetic Logic Unit 

54ACT/74ACT399 Quad 2-Port Register 
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Alpha-Numeric [Index continued) 


54ACT/74ACT534 Octal D Flip-Flop with TRI-STATE Outputs 

54ACT/74ACT540 Octal Buffer/Line Driver with TRI-STATE Outputs 

54ACT/74ACT541 Octal Buffer/Line Driver with TRI-STATE Outputs 

54ACT/74ACT543 Octal Registered Transceiver 

54ACT/74ACT544 Octal Registered Transceiver 

54ACT/74ACT563 Octal Latch with TRI-STATE Outputs 

54ACT/74ACT564 Octal D Flip-Flop with TRI-STATE Outputs 

54ACT/74ACT573 Octal Latch with TRI-STATE Outputs 

54ACT/74ACT574 Octal D Flip-Flop with TRI-STATE Outputs 

54ACT/74ACT646 Octal Transceiver/Register with TRI-STATE Outputs 

54ACT/74ACT657 Octal Bidirectional Transceiver with 8-Bit Parity Generator/Checker and 
TRI-STATE Outputs 

54ACT/74ACT705 Arithmetic Logic Unit for Digital Signal Processing Applications 

54ACT/74ACT715 Programmable Video Sync Generator 

54ACT/74ACT725 512 x 9 First In, First Out Memory (FIFO) 

54ACT/74ACT818 8-Bit Diagnostic Register 

54ACT/74ACT821 10-Bit D Flip-Flop with TRI-STATE Outputs 

54ACT/74ACT823 9-Bit D Flip-Flop 

54ACT/74ACT825 8-Bit D Flip-Flop 

54ACT/74ACT827 10-Bit Buffer/Line Driver with TRI-STATE Outputs 

54ACT/74ACT841 10-Bit Transparent Latch with TRI-STATE Outputs 

54ACT/74ACT843 9-Bit Transparent Latch 

54ACT/74ACT845 8-Bit Transparent Latch with TRISTATE Outputs 

54ACT/74ACT1016 16 x 16 Parallel Multiplier 

54ACT/74ACT1110 Single Port 16 x 16 Bit Multiplier/ Accumulator 


54ACT/74ACT2708 64 x 9 First-In, First-Out Memory 
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Function Device 


NAND 

Quad 2-Input 54AC/74AC00 
Quad 2-Input 54ACT/74ACTOO 
Triple 3-Input 54AC/74AC10 
Triple 3-Input 54ACT/74ACT10 
Dual 4-Input 54AC/74AC20 
AND 

Quad 2-Input 54AC/74AC08 
Quad 2-Input 54ACT/74ACT08 
Triple 3-Input 54AC/74AC11 
OR/NOR/Exclusive-OR 

Quad 2-Input OR 54AC/74AC32 
Quad 2-Input OR 54ACT/74ACT32 
Quad 2-Input NOR 54AC/74AC02 
Quad 2-Input Exclusive-OR - 54AC/74AC86 
Quad 2-Input Exclusive-OR 54ACT/74ACT86 
Inverter 

Hex Inverter 54AC/74AC04 
Hex Inverter 54ACT/74ACT04 
Hex Schmitt Trigger Inverter 54AC/74AC14 
Hex Schmitt Trigger Inverter 54ACT/74ACT14 


Registers 


Function 


Quad 2-Port Register 54ACT/74ACT399 
Diagnostic and Pipeline Register 54ACT/74ACT818 


Parity Generator/Checkers 


Function Device 


Parity Generator/Checker 54AC/74AC280 
Parity Generator/Checker 54ACT/74ACT280 
Video Sync Generator 54ACT/74ACT715 





Flip-Flops 


Function 


Function 


Arithmetic Logic Unit 
Arithmetic Logic Unit 


Latches 


Function 


Octal 

Octal 

Octal D 

Octal D 

Octal D 

Octal Transparent 
Octal Transparent 


9-Bit Transparent 
9-Bit Transparent 
10-Bit Transparent 
10-Bit Transparent 


Counters 


Function 


4-Bit Binary 

4-Bit Binary 

4-Bit Binary 

4-Bit Binary 

4-Bit Binary 

4-Bit Binary 

8-Bit Binary 

7-Stage Binary Ripple 
S = Synchronous 
A = Asynchronous 


54AC/74AC74 
54ACT/74ACT74 
54AC/74AC109 
54ACT/74ACT109 
54AC/74AC112 
54ACT/74ACT112 
54AC/74AC175 
54ACT/74ACT175 
54AC/74AC174 
54ACT/74ACT174 
54AC/74AC273 
54ACT/74ACT273 
54AC/74AC374 
54ACT/74ACT374 
54AC/74AC377 
54ACT/74ACT377 
54ACT/74ACT534 
54ACT/74ACT564 
54AC/74AC574 
54ACT/74ACT574 
54ACT/74ACT825 
54ACT/74ACT823 
54ACT/74ACT821 


No. of Arithmetic 
Bits Functions Functions 
54ACT/74ACT181 4 16 
54ACT/74ACT381 4 3 


TRI-STATE Broadside 
Ouipuis rinout 


54AC/74AC373 
54ACT/74ACT373 
54ACT/74ACT563 
54AC/74AC573 
54ACT/74ACT573 
54AC/74AC845 
54ACT/74ACT845 
54AC/74AC843 
54ACT/74ACT843 
54AC/74AC841 
54ACT/74ACT841 


Parallel U/D TRI-STATE 
Entry Outputs 
Ss No 


54AC/74AC161 
54ACT/74ACT161 
54AC/74AC163 
54ACT/74ACT163 
54AC/74AC169 
54AC/74AC191 
54ACT/74ACT269 
54AC/74AC4024 
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ALU Support 


Function | Device No. of Bits 
Carry Lookahead 54ACT/74ACT182 4 


Buffers/Line Drivers 


Enable 


Function Inputs 
(Level) 


54AC/74AC240 2(L) 
54ACT/74ACT240 2(L) 
54AC/74AC241 1(H) & 1(L) 
54ACT/74ACT241 4(H) & 1(L) 
54AC/74AC244 2(L) 
54ACT/74ACT244 2(L) 
54AC/74AC540 2(L) 
54ACT/74ACT540 2(L) 
54AC/74AC541 4(H) & 1(L) 
54ACT/74ACT541 1(H) & 1(L) 
54ACT/74ACT827 2(L) 


Inverting/ Broadside 
Non-inverting Pinout 


Function TRI-STATE 
Outputs 


64 x 9 FIFO Memory 54AC/74AC2708 Parallel Parallel 
64 x 9 FIFO Memory 54ACT/74ACT2708 Parallel Parallel 
512 x 9 FIFO 54ACT/74ACT725 . Parallel Parallel 


Decoders/Demultiplexers 


Active- Active- Active- 
Function HIGH LOW Address 
Enable Outputs Inputs 


1-0f-8 54AC/74AC138 
1-0f-8 54ACT/74ACT138 
Dual 1-of-4 54AC/74AC139 
Dual 1-of-4 54ACT/74ACT139 


Arithmetic Functions 


Function Features 


16 x 16 Multiplier 54ACT/74ACT1016 2s Complement & Unsigned Arithmetic 

Arithmetic Logic Unit for DSP 54ACT/74ACT705 16-Bit ALU and 8 x 8 Parallel 
Multiplier/ Accumulator 

16-Bit Single Port Multiplier 54ACT/74ACT1110 Pipeline Capability 





Shift Registers 


Function 


Octal Shift/Storage 
Octal Shift/Storage 
Octal Shift/Storage 
Octal Shift/Storage 
Serial In, Parallel-Out 
Serial In, Parallel-Out 


A = Asynchronous 
S = Synchronous 


Multiplexers 


Function 


8-Input 
8-Input 
8-Input 
8-Input 

Dual 4-Input 
Dual 4-Input 
Dual 4-Input 
Dual 4-Input 
Quad 2-Input 
Quad 2-Input 
Quad 2-Input 
Quad 2-Input 
Quad 2-Input 
Quad 2-Input 
Quad 2-Input 
Quad 2-Input 
4 Input w/Shift 
4 Input w/Shift 


Comparators 


54AC/74AC299 
54ACT/74ACT299 
54AC/74AC323 
54ACT/74ACT323 
54AC/74AC164 
54ACT/74ACT164 


Enable 
Inputs 
(Level) 


54AC/74AC151 Yes 
54ACT/74ACT151 Yes 
54AC/74AC251 Yes 
54ACT/74ACT251 Yes 
54AC/74AC153 Yes 
54ACT/74ACT153 Yes 
54AC/74AC253 Yes 
54ACT/74ACT253 Yes 
54AC/74AC157 Yes 
54ACT/74ACT157 Yes 
54AC/74AC158 No 
54ACT/74ACT158 No 
54AC/74AC257 Yes 
54ACT/74ACT257 Yes 
54AC/74AC258 No 
54ACT/74ACT258 No 
54AC/74AC350 Yes 
54ACT/74ACT350 


True 
Output 


Function 


Octal Identity Comparator 
Octal Identity Comparator 
Octal Identity Comparator 
Octal Identity Comparator 
4-Bit Magnitude Comparator 
4-Bit Magnitude Comparator 


Adders 


Function 


Binary Full Adder 
Binary Full Adder 





54AC/74AC520 
54ACT/74ACT520 
54AG/74AC521 
54ACT/74ACT521 
54AC/74AC85 
54ACT/74ACT85 


No. of 
Bits 
54AC/74AC283 
54ACT/74ACT283 


xiii 


TRI-STATE 
Outputs 


Complement 
Output 


Features 


Expandable 
Expandable 
Expandable 
Expandable 


Carry 
Lookahead 
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Transceivers/Registered Transceivers 


Function 


Octal Bidirectional Transceiver 
Octal Bidirectional Transceiver 
Octal Bus Transceiver & Register 
Octal Bus Transceiver and Register 
Octal Bus Transceiver & Register 
Octal Register Transceiver 

Octal Register Transceiver 

Octal Bus Transceiver 


54AC/74AC245 
54ACT/74ACT245 
54AC/74AC646 
54ACT/74ACT646 
54AC/74AC648 
54ACT/74ACT543 
54ACT/74ACT544 
54ACT/74ACT657 


xiv 


Enable 
Registered Inputs 
(Level) 


4(L) 
1(L) 
4(L) & 1(H) 
(L) & I(H) 
4(L) & 1(H) 
2(L) 
2(L) 
4(L) & 1(H) 


TRI-STATE 
Output 
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Descriptions and 
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Section 1 Contents 


Introduction 

Low Power CMOS Operation 
AC Performance 

Multiple Output Switching 

Noise Immunity 

Output Characteristics 

Dynamic Output Drive 

Choice of Voltage Specifications 
Power Dissipation 

Specification Derivation 
Capacitive Loading Effects 
Latch-Up Immunity 

Electrostatic Discharge (ESD) Sensitivity 
Radiation Tolerance 
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FACT™ Descriptions and Family Characteristics 


National Semiconductor Advanced 
CMOS Technology—FACT™— 
Logic 

Fairchild Semiconductor introduced FACT (Fairchild Ad- 


. vanced CMOS Technology) logic, a family of high speed 
advanced CMOS circuits, in 1985. 


FACT logic offers a unique combination of high speed, low 
power dissipation, high noise immunity, wide fanout capabili- 
ty, extended power supply range and high reliability. 

This data book describes the product line with device speci- 
fications as well as material discussing design considera- 
tions and comparing the FACT family to predecessor tech- 
nologies. 

The 1.3-micron silicon gate CMOS process utilized in this 
family has been proven in the field of high performance gate 
arrays, CMOS ASIC, and FACT. It has been further en- 
hanced to meet and exceed the JEDEC standards for 
74ACXX logic. 

For direct replacement of LS, ALS and other TTL devices, 
the 'ACT circuits with TTL-type input thresholds are includ- 
ed in the FACT family. These include the more popular bus 
drivers/transceivers as well as many other 54ACTXXX/ 
74ACTXXX devices. 


Characteristics 
= Full Logic Product Lino 
Industry Standard Functions and Pinouts for SSI, MSI 
and LSI 
Meets or Exceeds JEDEC Standards for 74ACXX 
Family 
TTL Inputs on Selected Circuits 
High Performance Outputs 
— Common Output Structure for Standard and Buffer 
Drivers 
— Output Sink/Source Current of 24 mA 
— Transmission Line Driving 502 (Commercial)/750 
(Military) Guaranteed 
Operation from 2V-6V Guaranteed 
Temperature Range 
— Commercial 
— Military 
Improved ESD Protection Network 
High Current Latch-Up Immunity 


—40°C to + 85°C 
—55°C to + 125°C 


Interfacing 


FACT devices have a wide operating voltage range (Voc = 
2 Voc to 6 Vpc) and sufficient current drive to interface with 
most other logic families available today. 


Device designators are as follows: 


*AC— This is a high speed CMOS device with CMOS input 
switching levels and buffered CMOS outputs that 
can drive £24 mA of lox and Io, current. Industry 
standard ‘AC nomenclature and pinouts are used. 


*ACT— This is a high speed CMOS device with a TTL-to- 
CMOS input buffer stage. These device inputs are 
designed to interface with TTL outputs operating 
with a Vcc = 5V +0.5V with Voy = 2.4V and 
VoL = 0.4V, but are functional over the entire FACT 
operating voltage range of 2.0 Voc to 5.5 Vpc. 
These devices have buffered outputs that will drive 
CMOS or TTL devices with no additional interface 
circuitry. "ACT devices have the same output struc- 
tures as 'AC devices. 


Low Power CMOS Operation 


If there is one single characteristic that justifies the exis- 
tence of CMOS, it is low power dissipation. In the quiescent 
state, FACT draws 1000 times less power than the equiva- 
lent LS or ALS TTL device. This enhances system reliability; 
because costly regulated high current power supplies, heat 
sinks and fans are eliminated, FACT logic devices are ideal 
for portable systems such as laptop computers and back- 
pack communications systems. Operating power is also 
very low for FACT logic. Power consumption of various 
technologies with a clock frequency of 1 MHz is shown be- 
low. 


FACT 0.1 mW/Gate 
1.2 mW/Gate 


2.0 mW/Gate 
= 0.1 mW/Gate 
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FACTT™ Descriptions and Family Characteristics 


Low Power CMOS 
Operation (Continued) 


C, = 50pF @ 1 MHz 


C, = Fixture Capacitance 
@ 1 MH 


TL/F/10158-1 
FIGURE 1-1. loc vs Voc 


Figure 1-7 illustrates the effects of Icc versus power supply 
voltage (Vcc) for two load capacitance values: 50 pF and 
stray capacitance. The clock frequency was 1 MHz for the 
measurements. 


AC Performance 


In comparison to LS, ALS and HC families, FACT devices 
have faster internal gate delays as well as the basic gate 
delays. Additionally, as the level of integration increases, 
FACT logic leads the way to very high-speed systems. 


The example below describes typical values for a 74XX138, 
3-to-8 line decoder. 


FACT 6.0 ns @ Cy = 50 pF 
ALS 12.0 ns @ C_ = 50 pF 
LS = 22.0ns @C, = 15pF 
HC = 17.5ns @ C, = 50 pF 


AC performance specifications are guaranteed at 5.0V 
+0.5V and 3.3V +£0.3V. For worst case design at 2.0V Voc 
on all device types, the formula below can be used to deter- 
mine AC performance. 


AC performance at 2.0V Vcc = 1.9 X AC specification at 
3.3V. 


Multiple Output Switching 


Propagation delay is affected by the number of outputs 
switching simultaneously. Typically, devices with more than 
one output will follow the rule: for each output switching, 
derate the databook specification by 250 ps. This effect typ- 
ically is not significant on an octal device unless more than 
four outputs are switching simultaneously. This derating is 
valid for the entire temperature range and 5.0V + 10% Vcc. 


Noise Immunity 


The noise immunity of a logic family is also an important 
equipment cost factor in terms of decoupling components, 
power supply dynamic resistance and regulation as well as 
layout rules for PC boards and signal cables. 


The comparisons shown describe the difference between 
the input threshold of a device and the output voltage, 
Vit — Votl/lVin — Voul at 4.5V Voc. 


1.25V/1.25V 

0.4V/0.7V 

0.3V/0.7V @ 4.75V Voc 
= 0.8V/1.25V 


Output Characteristics 


All FACT outputs are buffered to ensure consistent output 
voltage and current specifications across the family. Both 
*AC and ’ACT device types have the same output struc- 
tures. Two clamp diodes are internally connected to the out- 
put pin to suppress voltage overshoot and undershoot in 


- noisy system applications which can result from impedance 


mismatching. The balanced output design allows for con- 
trolled edge rates and equal rise and fall times. 


All SSI and MSI devices (‘AC or ’ACT) are guaranteed to 
source and sink 24 mA. Commercial devices, 74AC/ 
ACTXXX, are capable of driving 500 transmission lines, 
while military grade devices, 54AC/ACTXXX, can drive 759, 
transmission lines. 


loL/lon Characteristics 


24 mA/—24 mA 

24 mA/—15 mA 

8 mA/—0.4 mA @ 4.75V Voc 
4 mA/—4 mA 


Dynamic Output Drive 


Traditionally, in order to predict what incident wave voltages 
would occur in a system, the designer was required to do an 
output analysis using a Bergeron diagram. Not only is this a 
long and time consuming operation, but the designer need- 
ed to depend upon the accuracy and reliability of the manu- 
facturer-supplied ‘‘typical” output I/V curve. Additionally, 
there was no way to guarantee that any supplied device 
would meet these “typical” performance values across the 
operating voltage and temperature limits. Fortunately for the 
system designers, FACT has taken the necessary steps to 
guarantee incident wave switching on transmission lines 
with impedances as low as 502 for the commercial temper- 
ature range and 750 for the military temperature range. 


Figure 1-2 shows a Bergeron diagram for switching both 
HIGH-to-LOW and LOW-to-HIGH. On the right side of the 
graph (Ioyr > 0), are the Voy and Ij} curves for FACT logic 
while on the left side (lout < 0), are the curves for Vo, and 
li. Although we will only discuss here. the LOW-to-HIGH 
transition, the information presented may be applied to a 
HIGH-to-LOW transition. 





Dynamic Output Drive (continue) 
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TL/F/10158-2 
FIGURE 1-2. Gate Driving 502 Line 
Reflection Diagram 


Begin analysis at the Vo. (quiescent) point. This is the inter- 
section of the Vo./loL curve for the output and the Vin/Iix 
curve for the input. For CMOS inputs and outputs, this point 
will be approximately 100 mV. Then draw a 502 load fine 
from this intersection to the Voy/loyH curve as shown by 
Line 1. This intersection is the voltage that the incident 
wave will have. Here it occurs at approximately 3.95V. Then 
draw a line with a slope of — 502 from this first intersection 
point to the Vjn/ljy Curve as shown by Line 2. This second 
intersection will be the first reflection back from the input 
gate. Continue this process of drawing the load lines from 
each intersection to the next. Lines terminating on the 
Vou/lon curve should have positive slopes while lines ter- 
minating on the Vin/lij curve should have negative slopes. 


Each intersection point predicts the voltage of each reflect- 
ed wave on the transmission line. Intersection points on the 
Vou/lon curve will be waves travelling from the driver to the 
receiver while intersection points on the Vin/Ij_j curve wiil 
be waves travelling from the receiver to the driver. 


Figures 1-3a and 1-3b show the resultant waveforms. Each 
division on the time scale represents the propagation delay 
of the transmission line. 
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FIGURE 1-3a. Resultant Waveforms Driving 
502 Line—Theoretical 
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FIGURE 1-3a. Resultant Waveforms Driving 
5029 Line—Actual 
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FACTT™ Descriptions and Family Characteristics 


Dynamic Output Drive (continued) 


While this exercise can be done for FACT, it is no longer 
necessary. FACT is guaranteed to drive an incident wave of 
enough voltage to switch another FACT input. 


We can calculate what current is required by looking at the 
Bergeron diagram. The quiescent voltage on the line will be 
within 100 mV of either rail. We know what voltage is re- 
quired to guarantee a valid voltage at the receiver. This is 
either 70% or 30% of Voc. The formula for calculating the 
current and voltage required is |(Vog — V))/Zo| at Vj. For 
Vog = 100 mV, Vip = 3.85V, Voc = 5.5V and Zo = 500, 
the required Io, at 3.85V is 75 mA. For the HIGH-to-LOW 
transition, Voq = 5.4V, Vi_ = 1.35V and Zo = 509, loz is 
75 mA at 1.65V. FACT’s I/O specifications include these 
limits. For transmission lines with impedances greater than 
502, the current requirements are less and switching is still 
guaranteed. 


Itis important to note that the typical 24 mA drive specifica- 
tion is not adequate to guarantee incident wave switching. 
The only way to guarantee this is to guarantee the current 
required to switch a transmission line from the output quies- 
cent point to the valid Vix level. 

The following performance charts are provided in order to 
aid the designer in determining dynamic output current drive 
of FACT devices with various power supply voltages. 
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-100 -150 =-200mA 
Current (mA) 


TL/F/10158-7 


FIGURE 1-4. Output Characteristics Voy/IoH, ’AC00 
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TL/F/10158-8 


FIGURE 1-5. Output Characteristics Vo_/IoL, ’AC00 
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TL/F/10158-9 
FIGURE 1-6. Input Characteristics Vin/lin 


Choice of Voltage Specifications 


To obtain better performance and higher density, semicon- 
ductor technologies are reducing the vertical and horizontal 
dimensions of integrated device structures. Due to a num- 
ber of electrical limitations in the manufacture of VLSI devic- 
es and the need for low voltage operation in memory cards, 
it was decided by the JEDEC committee to establish inter- 
face standards for devices operating at 3.3V +0.3V. To this 
end, National Semiconductor guarantees all of its devices 
operational at 3.3V +0.3V. Note also that AC and DC speci- 
fications are guaranteed between 3.0V and 5.5V. Operation 
of FACT logic is also guaranteed from 2.0V to 6.0V on Vcc. 


Operating Voltage Ranges 


2.0V to 6.0V 

5.0V +10% 

5.0V +5% 
= 2.0V to 6.0V 





FACT Replaces Existing Logic 


National Semiconductor's Advanced CMOS family is specif- 
ically designed to outperform existing CMOS and Bipolar SPEED VS. POWER 
logic families. Figure 1-7 shows the relative position of vari- 
ous logic families in speed/power performance. FACT ex- 
hibits 1 ns internal propagation delays while consuming 
1 pW of power. 


The Logic Family Comparisons table below summarizes the 


key performance specifications for various competitive tech- 
nology logic families. 


@ ALS 


Internal Gate Delay (ns) 


rast @ FAST @ as 
LSI 


0.001 03 1.0 3.0 10.0 


Power Per Gate (mW) 
(Not to scale) 
TL/F/10158-10 
FIGURE 1-7. Internal Gate Delays 


General Characteristics (ali Max Ratings) 


Symbol Characteristics 


Voc/eEe/pp Operating Voltage Range 5+5% 5+10% 2.0 to 6.0 
Ta 74 Series|Operating Oto +70 Oto +70 —40 to +85 
Ta 54 Series/ Temperature Range 55 to +125)-—-55to +125} —55to +125 
Vin (Min) Input Voltage ze a 


Vit (Max) (Limits) 


Vou (Min) |Output Voltage 
0 
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Vou (Max)_[fimis) | os | 
lw Input Current 


Output Current —0.4 


DC Noise Margin 
LOW/HIGH 0.3/0.7 0.4/0.7 0.8/1.25 1.55/1.55 


Note: All DC parameters are specified over the commercial temperature range. 


Speed/Power Characteristics (ail Typical Ratings) 


Characteristics 
Quiescent Supply Current/Gate 
Power/Gate (Quiescent) 


Propagation Delay 
Speed Power Product 
Clock Frequency D/FF 


FIGURE 1-8. Logic Family Comparisons 
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Propagation Delay (commercial Temperature Range) 


tpLH/tPHL 


tpLH/teHL 
(Clock to Q) 


74XX74 
tpLH/teHL 74XX163 
(Clock to Q) 


Conditions: (LS) Voc = 5.0V, CL = 15 pF, 25°C; 


(ALS/HC/FACT) Voc = 5.0V +10%, C_ = 50 pF, Over Temp, Max values at 0°C to + 70°C for ALS, —40°C to +85°C for HC/FACT. 
FIGURE 1-8. Logic Family Comparisons (Continued) 


Circuit Characteristics 


POWER DISSIPATION 


One advantage to using CMOS logic is its extremely low 
power consumption. During quiescent conditions, FACT will 
consume several orders of magnitude less current than its 
bipolar counterparts. But DC power consumption is not the 
whole picture. Any circuit will have AC power consumption, 
whether it is built with CMOS or bipolar technologies. 


Total power dissipation of FACT device under AC conditions 
is a function of three basic sources, quiescent power, inter- 
nal dynamic power, and output dynamic power dissipation. 
Firstly, a FACT device will dissipate power in the quiescent 
or static condition. This can be epeulaled by using the for- 
mula: 
Eq.1 PDg = Icc * Voc 

PDq = Quiescent Power Dissipation 

Icc Quiescent Power Supply Current Drain 

Vcc = Power Supply Voltage 


Secondly, a FACT device will dissipate power dynamically 
by charging and discharging internal capacitance. This can 
be calculated by using the formula: 
Eq. 2 PDint (Cpp ® Vs ® f) * Voc 
PDnt = Internal Dynamic Power Dissipation 
Cpp Device Power Dissipation Capacitance 
Vs = Output Voltage Swing 
f Internal Frequency of Operation 
Voc Power Supply Voltage 


Cpp values are specified for each FACT device and are 
measured per JEDEC standards as described later on in 
Section 2. On FACT device data sheets, Cpp is a typical 
value and is given either for the package or for the individual 
stages with the device. See Section 2. For FACT devices, 
Vs and Vcc are the same value and can be replaced by 
Vcc? in the above formula. 


Thirdly, a FACT device will dissipate power dynamically by 


charging and discharging any load capacitance. This can be 
calculated by using the following formula: 
Eq.3 PDout = (CL * Vs * f) * Voc 

PDout = Output Power Dissipation 

CL Load Capacitance 

Vs = Output Voltage Swing 

f Output Operating Frequency 

Power Supply Voltage 


In many cases the output frequency is the same as the in- 


ternal operation frequency. Also Vg is similar to Vcc and 
-can be replaced by Vcc2. In the case of internal and output 


frequencies being identical Eg. 2 and Eq. 3 may be com- 
bined as follows: 

Eq.4 PD = (CL + Cpp) * Voc2Z # f 

The total FACT device power dissipation is the sum of the 
quiescent power and all of the dynamic power dissipation. 
This is best described as: 


Eq.5 PDtorat = PDqg + PDpynamic or 
PDToTAL = PDq + PDint + PDout 





Circuit Characteristics (continued) 
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TL/F/10158-11 


FIGURE 1-9. Power Demonstration Circuit Schematic 


The circuit shown in Figure 1-9 was used to compare the 
power consumption of FACT versus ALS devices. 


Two identical circuits were built on the same board and driv- 
en from the same input. in the circuit, the input signal was 
driven into four D-type flip-flops which act as divide-by-2 
frequency dividers. The outputs from the flip-flops were con- 


mW 
160 


nected to the inputs of a'138 decoder. This generated eight 
non-overlapping clock pulses on the outputs of the '138, 
which were then connected to an '04 inverter. The input 
frequency was then varied and the power consumption was 
measured. Figure 1-70 illustrates the results of these mea- 
surements. 


0 
10 20 30 40 50 60 70 80 


TL/F/10158-12 


FIGURE 1-10. FACT vs ALS Circuit Power 
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Circuit Characteristics (ontinuea) 


Below 40 MHz, the FACT circuit dissipates much less power 
than the ALS version. It is interesting to note that when the 
frequency went to zero, the FACT circuit's power consump- 
tion also went to zero; the ALS circuit continued to dissipate 
almost 100 mW. Another advantage of FACT is its capabili- 
ties well above 100 MHz. 


This graph shows two advantages of FACT circuits (power 


and speed). FACT logic delivers increased performance in’ 


addition to offering the power savings of CMOS. 


SPECIFICATION DERIVATION 
At first glance, the specifications for FACT logic might ap- 


pear to be widely spread, possibly indicating wide design. 


margins are required. However, several effects are reflected 
in each specification. 


Figures 1-114 through 7-7 7e illustrate how the data from the 
characterization of actual devices is transformed into the 
specifications that appear on the data sheet. This data is 
taken from the ’AC245. 


Figure 1-11a shows the data taken (from one part) on a 
typical, single path, tpy_ from A, to B,, over temperature at 
5.0V; there is negligible variation in the value of tpy,. The 
next graph, Figure 1-11b, depicts data taken on the same 
device; this set of curves represents the data on all paths A 
to B and B to A. The data on this plot indicates any a small 
variation for tpy,. 


The graphs in Figures 1-11a and 7-117b include data at 5. ov: 
Figure 1-11¢c shows the variation of delay times over the 
standard 5.0V +0.5V voltage range. Note there is only a 
+6% variation in delay time due to voltage effects. 


Now refer to Figure 1-11d which illustrates the process ef- 
fects on delay time. This graph indicates that the process 
effects contribute to the spread in specifications more than 
any other factor in that the effects of the theoretical process 
spread can increase or decrease specification times by 
30%. Because this 30% spread represents considerably 
more than +3 standard deviations, this guarantees an in- 
crease in the manufacturability and the quality level of FACT 
product. To further ensure parts within specification will 
pass on testers at the limits of calibration, tester guard- 
bands are incorporated. 


With voltage and process effects added (Figure 1-11e), the 
full range of the specification can be seen. For reference, 
the data sheet values are shown on the graph. 


This linear behavior with temperature and voltage is typical 
of CMOS. Although the graphs are drawn for a specific de- 
vice, other part types have very similar graphical represen- 
tations. Therefore, for performance-critical applications, 
where not all variables need to be taken into account at 
once, the user can narrow the specifications. For example, 
all parts in a critically timed subcircuit are together on a 
board, so it may be assumed the devices are at the same 
supply and temperature. 


=60 -40 -20 0 20 40 60 80 100 120 


Temperature (°C) 
TL/F/10158-14 
, FIGURE 1-11a. tpyL, Ap to Bp, Single Path 


Maximum 


Typical 
Minimum 


“60 -40 -20 0 20 40 60 80 100 120 


Temperature (°C) 
TL/F/10158-15 
FIGURE 1-11b. tpu. A to B, All Paths 
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Volts 
TL/F/10158-16 
FIGURE 1-11c. Voltage Effects on Delay Times 





Circuit Characteristics (Continued) 


Typ 
Process Window 
TL/F/10158-17 
FIGURE 1-11d. FACT Process Effects on Delay Times 


Commercial 
Maximum Military 
Room temp 


Propagation Delay (ns) 


Typical 


Commercial Minimum — 


25 45 65 85 105 125 
Temperature (°C) 
TL/F/10158-18 
FIGURE 1-11e. tpy:, A to B, with 


Voltage and Process Variation 


The same reasoning can be applied to setup and hold 
times. Consider the "AC74. The setup time is 3.0 ns while 
the hold time is 0 ns. Theoretically, if these numbers were 
violated, the device would malfunction; however, in actuali- 
ty, the device probably will not malfunction. Looking at the 
typical setup and hold times gives a better understanding of 
the device operation. 


At 25°C and 5.0V, the setup time is 1.5 ns while the hold 
time is —1.5 ns. They are the same; a positive setup time 
means the control signal to be valid before the clock edge, 
a positive hold time indicates the control signal will be held 
valid after the clock edge for the specified time, and a nega- 
tive hold time means the control signal can transition before 
the clock edge. FACT devices were designed to be as im- 
mune to metastability as possible. This is reflected in the 
typical specifications. The true “critical” time where the in- 
put is actually sampled is extremely short: less than 50 ps. 


By applying the same reasoning as we did to the propaga- 
tion delays to the setup and hold times, it becomes obvious 
that the spread from setup to hold time (3 ns worst-case) 
really covers devices across the entire process/tempera- 
ture/voltage spread. The real difference between the setup 
and hold times for any single device, at a specified tempera- 
ture and voltage, is negligible. 


CAPACITIVE LOADING EFFECTS 

In addition to temperature and power supply effects, capaci- 
tive loading effects for loads greater than 50 pF should be 
taken into account for propagation delays of FACT devices. 
Minimum delay numbers may be determined from the table 
below. Propagation delay are measured to the 50% point of 
the output waveform. 


| Parameter | fate —_} ante 
| 30 | 45 | 55 | 


pt | at | 22 | 19 | psvor | 
ptm | a | 13 | 125 | psor | 


Ta = 25°C 

The two graphs following, Figures 1-12 and 1-13, describe 
propagation delays on FACT devices as affected by varia- 
tions in power supply voltage (Vcc) and lumped load capac- 
itance (C,). Figures 1-14 and 1-75 show the effects of 
lumped load capacitance on rise and fall times for FACT 
devices. 





solsiuay}oeseyy Aime pue suoidioseg wildVA 





FACTT™ Descriptions and Family Characteristics 


Circuit Characteristics (Continued) 


- Delay (ns) 


3 
~ Cc. = 1000 pF, tery 


/ 

J 
FULL 
LLL 
EU ALEE 


C, = 470pF, tery 


t 


| 
TOECHCELECFEELET 


Hi 
i 
qh 


Vee (Volts) 
TL/F/10158-19 
FIGURE 1-12. Propagation Delay vs Vcc (’AC00) 
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FIGURE 1-13. Propagation Delay vs C,_ (’AC00) 
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Circuit Characteristics (Continued) 
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FIGURE 1-14. trse vs Capacitance FIGURE 1-15. trai vs Capacitance 


LATCH-UP 


A major problem with CMOS has been its sensitivity to 
latch-up, usually attributed to high parasitic gains and high 
input impedance. FACT logic is guaranteed not to latch-up 
with dynamic currents of 100 mA forced into or out of the 
inputs or the outputs under worst case conditions (Ta = 
125°C and Vcc = 5.5 Vpc). At room temperature the parts 
can typically withstand dynamic currents of over 450 mA. 
For most designs, latch-up will not be a problem, but the 
designer should be aware of its causes and how to prevent 
it. 
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N+ Substrate 
0.008-0.25 ohm=cm 


TL/F/10158-23 
FIGURE 1-16. FACT EPI Process Cross Section with Latch-up Circult Model 
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Circuit Characteristics (continued) 


FACT devices have been specifically designed to reduce 
the possibility of latch-up occurring; National Semiconductor 
accomplished this by lowering the gain of the parasitic tran- 
sistors, reducing substrate and p-well resistivity to increase 
external drive current required to cause a parasitic to turn 
ON, and careful design and layout to minimize the sub- 
strate-injected current coupling to other circuit areas. 


ELECTROSTATIC DISCHARGE (ESD) SENSITIVITY 


FACT circuits show excellent resistance to ESD-type dam- 
age. These logic devices are classified as category “‘B” of 
MIL-STD-883C, test method 3015, and withstand 4000V 
typically. FACT logic is guaranteed to have 2000V ESD im- 
munity on all inputs and outputs. FACT parts do not require 
any special handling procedures. However, normal handling 
precautions should be observed as in the case of any semi- 
conductor device. 


R1 = 800kQ (min) 
3G. (max) 


Charge 


Regulated 
High Voltage pc 


Supply Voltmeter 


High Voltage 
O Relay 


Figure 1-17 shows the ESD test circuit used in the sensitivity 
analysis for this specification. Figure 1-78 is the pulse wave- 
form required to perform the sensitivity test. 


The test procedure is as follows; five pulses, each of 2000V, 
are applied to every combination of pins with a five second 
cool-down period between each pulse. The polarity is then 
reversed and the same procedure, pulse and pin combina- 
tion used for an additional five discharges. Continue until all 
pins have been tested. If none of the devices from the sam- 
ple population fails the DC and AC test characteristics, the 
device shall be classified as category B of MIL-STD-883C, 
TM-3015. For further specifications of TM-3015, refer to the 
relevant standard. The voltage is increased and the testing 
procedure is again performed; this entire process is repeat- 
ed until all pins fail. This is done to thoroughly evaluate all 
pins. 


R2 = 15002 


Discharge Calibrate 


C1 = 100 pF 
Waveform 


Terminals 
R3 = 15002 


TL/F/10158-24 


FIGURE 1-17. ESD Test Circuit 


Voltage Amptitude 


tise ss 15ns 
toecay ss 350ns 


TL/F/10158-25 


FIGURE 1-18. ESD Pulse Waveform 
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Circuit Characteristics (Continued) 


RADIATION TOLERANCE 


Semiconductors subjected to radiation environments under- 
go degradation in operating life as their exposure to radia- 
tion increases. As technology advances, so does the de- 
mand for radiation-tolerant devices. National is meeting this 
challenge by developing the FACT family into a comprehen- 
sive radiation tolerant product for present and future rad- 
hard needs. Such applications include: 


¢ Space 

— Satellites 

— Space Stations 

e Airborne and Military 

— Fighters/Bombers 

— Missile Systems 

— Ground Based Systems 
— Navigation & Communications 
¢ Commercial 

— Power Stations 

— Medical 

— Food and Bacterial Control 


Radiation tolerant semiconductors increase the useful life of 
the product in which they are incorporated. Additionally, ra- 
diation tolerant devices reduce shielding requirements and 
improve stabilization of parametric performance, resulting in 
cost reductions for shielding and weight, reduce power con- 
sumption and size. 


RADIATION TEST LIMITS 
Listed below are National proposed procedures to test and 


guarantee FACT devices for radiation exposure limits: 
¢ Total Dose 
Method 1019 per MIL-STD-883 
Individual limits per FACT radiation tolerant data sheet 
specification 
No functional failures 
Gamma rays 
Transient Dose/Latchup 
Methods 1020, 1021 per MIL-STD-883 
Minimum transient upset threshold specification 
Minimum latchup threshold specification 
Device burnout specification 
Gamma rays/Flash X-ray 
¢ Neutron 
— Test not required for CMOS product 
© Single Event Upset 
— To be announced in the future 


SUMMARY OF TESTING 


To demonstrate and verify FACT’s radiation tolerance, we 
have characterized several standard FACT device types ina 
“total dose” irradiation test environment. Standard manu- 
facturing techniques were used in the production of all cir- 
cuits. Devices of the same type were manufactured from the 
same wafer. 


Test results offer an indication of how various radiation envi- 
ronments affect specific standard FACT product. In most 
instances the standard FACT devices that were exposed to 
varying levels of total dose radiation showed reduced power 
consumption over functionally similar FAST and Schottky 
device types in non-radiation environments. Figure 1-19 
shows a FACT device's 54AC245 power consumption at 
various dose levels. 
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TL/F/10158-26 
FIGURE 1-19. Total Dose Response (54AC245) 


Total dose irradiation is presently performed “‘in-house”’ us- 
ing a AECL Gamma Cell 220, Cobalt-60, source (National 
Bureau of Standards certified). Step-stress radiation testing 
is performed on each part-type. After each total dose level, 
a compists parametric test (CC and AC) is done and the 
parametric values evaluated. Because of circuit design and 
layout differences, each part type has its own unique radia- 
tion response. 


FACT IS RADIATION TOLERANT 


FACT logic employs the use of thin gate oxides, oxidation 
cycles, and annealing steps that enhance the tolerance of 
the standard FACT product line. 


We are conducting additional testing and are evaluating fur- 
ther design enhancements for increased radiation tolerance 
levels of our FACT devices. Our current goal is a radiation 
tolerant FACT product line which exceeds the U.S. Govern- 
ment’s VHSIC Phase II radiation requirements. At that time, 
National radiation tested products are guaranteed at various 
total dose tolerance levels ranging between 50 krads(Si) 
and 1 Mrad(Si). 
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Ratings, Specifications and Waveforms 


Specifying FACT™ Devices 
Traditionally, when a semiconductor manufacturer complet- 
ed a new device for introduction, specifications were based 
on the characterization of just a few parts. While these 
specifications were appealing to the designer, they were of- 
ten too tight and, over time, the IC manufacturers had diffi- 
culty producing devices to the original specs. This forced 
the manufacturer to relax circuit specifications to reflect the 
actual performance of the device. 


As a result, designers were required to review system de- 
signs to ensure the system would remain reliable with the 
new specifications. National Semiconductor realized and 
understood the problems associated with characterizing de- 
vices too aggressively. 


To provide more realistic and manufacturable specs, Na- 
tional Semiconductor devised a systematic and thorough 
process to generate specifications. Devices are selected 
from multiple wafer lots to ensure process variations are 
taken into account. In addition, the process parameters are 
measured and compared to the known process limits. With 
more than three years of experience manufacturing FACT 
logic, National Semiconductor can accurately predict how 
these wafer lots compare with the best and worse case lots 
that can possibly be expected. 


This method of characterizing parts more accurately repre- 
sents the product across time, voltage, temperature and 
process rather than portraying the fastest possible device. 


These specification quidelines allow desianers to desian 
systems more efficiently since the devices used will behave 
as documented. Unspecified guardbands no longer need to 
be added by the designer to ensure system reliability. 


Power Dissipation—Test 
Philosophy 

In an effort to reduce confusion about measuring power dis- 
sipation capacitance, Cpp, a JEDEC standard test proce- 
dure (7A Appendix E) has been adopted which specifies the 
test setup for each type of device. This allows a device to 
be exercised in a consistent manner for the purpose of 
specification comparison. 


The following is a list of different types of logic functions, 
along with the input setup conditions under which the Cpp 
was measured for each type of device. By understanding 
how the device was exercised during Cpp measurements, 
the designer can understand whether the Cpp specified for 
that particular device reflects the total power dissipation ca- 


pacitance for either the entire device or for just a certain 
stage of that device. For example, from the following list, it 
is apparent that the Cpp value specified for a counter re- 
flects the internal capacitance for the entire device, since 
the entire device is being exercised during measurement. 
On the other hand, the Cpp value specified for an octal line 
driver reflects the internal capacitance for only one of eight 
stages, since only one input was being switched during test. 
Therefore the octal’s overall power dissipation should be 
calculated for each of the eight stages, individually. 

During the Cpp measurements, each output that is being 
switched should be loaded with the standard 50 pF and 
5002 load. All device measurements are made with Vcc = 
5.0V at 25°C, with TRI-STATE® outputs enabled. 
Gates/Buffers/ Switch one input. Bias the remaining 
Line Drivers: inputs such that one output switches. 
Latches: Switch the Enable and D inputs such 
that the latch toggles. 

Switch the clock pin while changing D 
(or bias J and K) such that the out- 
put(s) change each clock cycle. For 
parts with a common clock, exercise 
only one flip-flop. 

Switch one address pin which chang- 
es two outputs. 

Switch one address pin with the corre- 
sponding data inputs at opposite logic 
levels so that the output switches. 
Switch the clock pin with other inputs 
biased such that the device counts. 
Switch the clock pin with other inputs 
biased such that the device counts. 
Switch one data input. For bidirection- 
al devices enable only one direction. 


Switch one input. 
Switch the lowest priority input. 


Flip-Flops: 


Decoders: 


Multiplexers: 


Counters: 
Shift Registers: 
Transceivers: 


Parity Generator: 
Priority Encoders: 


AC Loading and Waveforms 


LOADING CIRCUIT 


Figure 7 shows the AC loading circuit used in characterizing 
and specifying propagation delays of all FACT devices (’AC 
and ’ACT) unless otherwise specified in the data sheet of a 
specific device. 
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Ratings, Specifications and Waveforms 


AC Loading and Waveforms (Continued) 


The use of this load, which is equivalent to the FAST™ 
(Fairchild Advanced Schottky TTL) test jig, differs somewhat 
from previous (HCMOS) practice. This provides more mean- 
ingful information and minimizes problems of instrumenta- 
tion and customer correlation. In the past, + 25°C propaga- 
tion delays for TTL devices were specified with a load of 
15 pF to ground; this required great care in building test jigs 
to minimize stray capacitance and implied the use of high 
impedance, high frequency scope probes. FAST circuits 
changed to 50 pF of capacitance, allowing more leeway in 
stray capacitance and also loading the device during rising 
or falling output transitions. This more closely resembles the 
inloading to be expected in avarage applications and thus 
gives the designer more useful delay figures. We have in- 
corporated this scheme into the FACT product line. The net 
effect of the change in AC load is to increase the average 
observed propagation delay by about 1 ns. 


The 5000 resistor to ground can be a high frequency pas- 
sive probe for a sampling oscilloscope, which costs much 
less than the equivalent high impedance probe. Alternately, 
the 5002 resistor to ground can simply be a 4502 resistor 
feeding into a 509 coaxial cable leading to a sampling 
scope input connector, with the internal 509 termination of 
the scope completing the path to ground. This is the pre- 
ferred scheme for correlation. (See Figure 7.) With this 
scheme there should be a matching cable from the device 
input pin to the other input of the sampling scope; this also 
serves as a 502 termination for the pulse generator that 
supplies the input signal. 

Shown in Figure 7 is a second 5000 resistor from the de- 
vice output to a switch. For most measurements this switch 
is open; it is closed for measuring one set of the Enable/ 





Disable parameters (LOW-to-OFF and OFF-to-LOW) of a 
TRI-STATE output. With the switch closed, the pair of 5002 
resistors and the 2 X Vcc supply voltage establish a quies- 
cent HIGH level. 


Test Conditions 


Figures 2a and 2b describe the input signal voltage levels to 
be used when testing FACT circuits. The AC test conditions 
follow industry convention requiring Vij to range from OV for 
a logic LOW to 3.0V for a logic HIGH for "ACT devices and 
OV to Vcc for AC devices. The DC parameters are normally 
tested with Vij at guaranteed input levels, that is Viyj to Vit 
(see data tables for details). Care must be taken to ade- 
quately decouple these high performance parts and to pro- 
tect the test signals from electrical noise. In an electrically 
noisy environment, (e.g., a tester and handler not specifical- 
ly designed for high speed work), DC input levels may need 
to be adjusted to increase the noise margin to allow for the 
extra noise in the tester which would not be seen in a sys- 
tem. 


Noise immunity testing is performed by raising Vin to the 
nominal supply voltage of 5.0V then dropping to a level cor- 
responding to Vj} characteristics, and then raising again to 
the 5.0V level. Noise tests can also be performed on the Vi. 
characteristics by raising Vij from OV to Vj, then returning 
to OV. Both Viy and Vi, noise immunity tests should not 
induce a switch condition on the appropriate outputs of the 
FACT device. 


Good high frequency wiring practices should be used in 
constructing test jigs. Leads on the load capacitor should be 
as short as possible to minimize ripples on the output wave- 
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FIGURE 1. AC Loading Circuit 
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FIGURE 2a. Test Input Signal Levels 


Test Conditions (continued) 
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FIGURE 2b. Test Input Signal Levels 


form transitions and to minimize undershoot. Generous 
ground metal (preferably a ground plane) should be used for 
the same reasons. A Vcc bypass capacitor should be pro- 
vided at the test socket, also with minimum lead lengths. 


Rise and Fall Times 


Input signals should have rise and fall times of 3.0 ns and 
signal swing of OV to 3.0V Vcc for "ACT devices or OV to 
Voc for 'AC devices. Rise and fall times less than or equal 
to 1 ns should be used for testing fmax or pulse widths. 


CMOS devices, including 4000 Series CMOS, HC, HCT and 
FACT families, tend to oscillate when the input rise and fall 
times become lengthy. As a direct result of its increased 
performance, FACT devices can be more sensitive to slow 
input rise and fall times than other lower performance tech- 
nologies. 


it is important to understand why this oscillation occurs. 
Consider the outputs, where the problem is initiated. Usual- 
ly, CviCS cuiputs ariva capacitiva loads with low DC leak. 
age. When the output changes from a HIGH level to a LOW 
level, or from a LOW level to a HIGH level, this capacitance 
has to be charged or discharged. With the present high per- 
formance technologies, this charging or discharging takes 
place in a very short time, typically 2-3 ns. The requirement 
to charge or discharge the capacitive loads quickly creates 
a condition where the instantaneous current change 
through the output structure is quite high. A voltage is gen- 
erated across the Vcc or ground leads inside the package 
due to the inductance of these leads. The internal ground of 
the chip will change in reference to the outside world be- 
cause of this induced voltage. 


DATA 
IN 
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Vimo 


TL/F/10159~-4 
FIGURE 3. Waveform for Inverting 
and Non-Inverting Functions 


*Vmi = 50% Voc for "AC devices; 1.5V for "ACT devices 
Vino = 50% Voc for ’AC/’ACT devices 


Consider the input. If the internal ground changes, the input 
voltage level appears to change to the DUT. If the input rise 
time is slow enough, its level might still be in the device 
threshold region, or very close to it, when the output 
switches. If the internally-induced voltage is large enough, it 
is possible to shift the threshold region enough so that it re- 
crosses the input level. If the gain of the device is sufficient 
and the input rise or fall time is slow enough, then the de- 
vice may go into oscillation. As device propagation delays 
become shorter, the inputs will have less time to rise or fall 
through the threshold region. As device gains increase, the 
outputs will swing more, creating more induced voltage. In- 
stantaneous current change will be greater as outputs be- 
come quicker, generating more induced voltage. 


Package-related causes of output oscillation are not entirely 
to blame for problems with input rise and fall time measure- 
ments. All testers have Voc and ground leads with a finite 
inductance. This inductance needs to be added to the in- 
ductance in the package to determine the overall voltage 
which will be induced when the outputs change. As the rei- 
erence for the input signals moves further away from the pin 
under test, the test will be more susceptible to problems 
caused by the inductance of the leads and stray noise. Any 
noise on the input signa! will also cause problems. With 
FACT logic having gains as high as 100, it merely takes a 
50 mV change in the input to generate a full 5V swing on the 
output. 


CONTROL 
IN 


OUTPUT 


TL/F/10159-5 
FIGURE 4. Propagation Delay, Pulse Width 
and tree Waveforms 
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Propagation Delays, fmax;: 
Set and Hold Times 


A 1.0 MHz square wave is recommended for most propaga- 
tion delay tests. The repetition rate must necessarily be in- 
creased for testing fmax. A 50% duty cycle should always be 
used when testing fmax. Two pulse generators are usually 
required for testing such parameters as setup time, hold 
time, recovery time, etc. 


Enable and Disable Times 


Figures 5 and 6 show that the disable times are measured 
at the point where the output voltage has risen or fallen by 
0.3V from Vo. or Vou, respectively. This change enhances 
the repeatability of measurements, and gives the system 
designer more realistic delay times to use in calculating min- 
imum cycle times. Since the high impedance state rising or 
falling waveform is RC-controlled, the first 0.3V of change is 
more linear and is less susceptible to external influences. 
More importantly, perhaps from the system designer’s point 
of view, a change in voltage of 0.3V is adequate to ensure 
that a device output has turned OFF. Measuring to a larger 
change in voltage merely exaggerates the apparent Disable 
times and thus penalizes system performance since the de- 
signer must use the Enable and Disable times to devise 
worst case timing signals to ensure that the output of one 
device is disabled before that of another device is enabled. 
Note that the measurement points have been changed from 
the previous 10% and 90% points. This better reflects actu- 
al test points and does not change specification limits. 


Electrostatic Discharge 


Precautions should be taken to prevent damage to devices 


by electrostatic discharge. Static charge tends to accumu- 
late on insulated surfaces such as synthetic fabrics or car- 
peting, plastic sheets, trays, foam, tubes or bags, and on 
ungrounded electrical tools or appliances. The problem is 
much worse in a dry atmosphere. In general, it is recom- 
mended that individuals take the precaution of touching a 
known ground before handling devices. To effectively avoid 
electrostatic damage to FACT devices, it is recommended 
that individuals wear a grounded wrist strap when handling 
devices. More often, handling equipment, which is not prop- 
erly grounded, causes damage to parts. Ensure that all plas- 
tic parts of the tester, which are near the device, are con- 
ductive and connected to ground. 
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FIGURE 5. TRI-STATE Output High 
Enable and Disable Times 
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FIGURE 6. TRI-STATE Output Low 
Enable and Disable Times 


TL/F/10159-8 
FIGURE 7. Setup Time, Hold Time and Recovery Time 


*Vmi = 50% Voc for ’AC devices; 1.5V for "ACT devices 
Vmo = 50% Vcc for 'AC/’ACT devices 


FACT Noise Characteristics 


The setup of a noise characteristics measurement is critical 
to the accuracy and repeatability of the tests. The following 
is a brief description of the setup used to measure the noise 
characteristics of FACT. 


Equipment: 
Hewlett Packard Model 8180A Word Generator 


PC-163A Test Fixture 
Tektronics Model 7854 Oscilloscope 


Procedure: 
1. Verify Test Fixture Loading: Standard Load 50 pF, 5000. 


2. Deskew the word generator so that no two channels have 
greater than 150 ps skew between them. This requires 
that the oscilloscope be deskewed first. Swap out the 
channels that have more than 150 ps of skew until all 
channels being used are within 150 ps. It is important to 
deskew the word generator channels before testing. This 
will ensure that the outputs switch simultaneously. 


. Terminate all inputs and outputs to ensure proper loading 
of the outputs and that the input levels are at the correct 
voltage. 


. Set Voc to 5.0V. 





FACT Noise Characteristics (Continued) 


5. Set the word generator to toggle all but one output ata 
frequency of 1 MHz. Greater frequencies will increase 
DUT heating and affect the results of the measurement. 


ACTIVE 
OUTPUTS 


QUIET 
OUTPUT 


TL/F/10159-9 
FIGURE 8. Quiet Output Noise Voltage Waveforms 
Note A. Vony and Voip are measured with respect to ground reference. 
Note B. Input pulses have the following characteristics: f = 1 MHz, t, = 
3 ns, tf = 3 ns, skew < 150 ps. 
6. Set the word generator input levels at OV LOW and 3V 
HIGH for ACT devices and OV LOW and 5V HIGH for AC 
devices. Verify levels with a digital volt meter. 


Votp/Votv and Voup/Vonv: 

® Determine the quiet output pin that demonstrates the 
greatest noise levels. The worst case pin will usually be 
the furthest from the ground pin. Monitor the output volt- 
ages using a 502 coaxial cable plugged into a standard 
SMB type connector on the test fixture. Do not use an 
active FET probe. 


HP 8180A 
WORD 
GENERATOR 


e Measure Vo_p and Voy on the quiet output during the 
HL transition. Measure Voyp and Vony on the quiet out- 
put during the LH transition. 


© Verify that the GND reference recorded on the oscillo- 
scope has not drifted to ensure the accuracy and repeat- 
ability of the measurements. 


Vitp and Vipp: 


© Monitor one of the switching outputs using a 502M coaxial 
cable plugged into a standard SMB type connector on 
the test fixture. Do not use an active FET probe. 


First increase the input LOW voltage level, Vj_, until the 
output begins to oscillate. Oscillation is defined as noise 
on the output LOW level that exceeds Vj, limits, or on 
output HIGH levels that exceed Vy limits. The input 
LOW voltage level at which oscillation occurs is defined 
as Vip. 


Next increase the input HIGH voltage level on the word 
generator, Vj} until the output begins to oscillate. Oscilla- 
tion is defined as noise on the output LOW level that 
exceeds V;; limits, or on output HIGH levels that exceed 
Vin limits. The input HIGH voltage level at which oscilla- 
tion occurs is defined as Vipp. 


Verify that the GND reference recorded on the oscillo- 


scope has not drifted to ensure the accuracy and repeat- 
ability of the measurements. 


©) 


Probes are grounded as 
close to DUT pins as possible. 


uv AA: 
GND ob 50 pF 
GND Is supplied via S Load capacitors are placed 
a copper plane 


as close to DUT as possible. 
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FIGURE 9. Simultaneous Switching Test Circuit 
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Design Considerations 


Today’s system designer is faced with the problem of keep- 
ing ahead when addressing system performance and reli- 
ability. National Semiconductor's CMOS helps designers 
achieve these goals. 


FACT™ (Fairchild Advanced CMOS Technology) logic was 
designed to alleviate many of the drawbacks that are com- 
mon to current technology logic circuits. FACT logic com- 
bines the low static power consumption and the high noise 
margins of CMOS with a high fan-out, low input loading and 
a 502 transmission line drive capability (comparable to Na- 
tional Semiconductor’s FAST bipolar technology family) to 
offer a complete family of 1.3-micron SSI, MSI and LSI de- 
vices. 


Performance features such as advanced Schottky speeds 
at CMOS power levels, advanced Schottky drive, excellent 
noise, ESD and latch-up immunity are characteristics that 
designers of state-of-the-art systems require. FACT logic 
answers all of these concerns in one family of products. To 
fully utilize the advantages provided by FACT, the system 
designer should have an understanding of the flexibility as 
well as the trade-offs of CMOS design. The following sec- 
tion discusses common design concerns relative to the per- 
formance and requirements of FACT. 


There are six items of interest which need to be evaluated 
when implementing FACT devices in new designs: 


e Interfacing—interboard and technology interfaces, bat- 
tery backup and power down or live insert/extract sys- 
tems require some special thought. 


Transmission Line Driving—FACT has line driving capa- 
bilities superior to all CMOS families and most TTL fami- 
lies. 


Noise effects—As edge rates increase, the probability of 
crosstalk and ground bounce problems increases. The 
enhanced noise immunity and high threshold levels im- 
prove FACT’s resistance to crosstalk problems. 


Board Layout—Prudent board layout will ensure that 
most noise effects are minimized. 


Power Supplies and Decoupling—Maximize ground and 
Voc traces to keep Vcoc/ground impedance as low as 
possible; full ground/Vcc planes are best. Decouple any 
device driving a transmission line; otherwise add one ca- 
pacitor for every package. 


e Electromagnetic Interference 


Interfacing 


FACT devices have outputs which combine balanced 
CMOS outputs with high current line driving capability. Each 
standard output is guaranteed to source or sink 24 mA of 
current at worst case conditions. This allows FACT circuits 
to drive more loads than standard advanced Schottky parts; 
FACT can directly drive FAST®, ALS, AS, LS, HC and HCT 
devices. 


NMOS, 
AC/ACT CMOS, or 
TIL 
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FIGURE 3-1. Interfacing FACT to NMOS, CMOS and TTL 


FACT devices can be directly driven by both NMOS and 
CMOS families, as shown in Figure 3-1, operating at the 
same rail potential without special considerations. This is 
possible due to the low input loading of FACT product, guar- 
anteed to be less than 1 pA per input. 


Some older technologies, including all existing TTL families, 
will not be able to drive FACT circuits directly; this is due to 
inadequate high level capability, which is guaranteed to 
2.4V. There are two simple approaches to the TTL-to-FACT 
interface problem. A TTL-to-CMOS converter can be con- 
structed employing a resistor pull-up to Voc of approximate- 
ly 4.7 k, which is depicted in Figure 3-2. The correct HIGH 
level is seen by the CMOS device while not loading down 
the TTL driver. 


‘C : AC 


TL/F/10160-2 
FIGURE 3-2. Viy Pull-Up on TTL Outputs 


Unfortunately, there will be designs where including a pull- 
up resistor will not be acceptable. In these cases, such as a 
terminated TTL bus, National Semiconductor has designed 
devices which offer thresholds that are TTL-compatible 
(Figure 3-3). These interfaces tend to be slightly slower than 
their CMOS-level counterparts due to an extra buffer stage 
required for level conversion. 


TL/F/10160-3 
FIGURE 3-3. TTL Interfacing to ’ACT 
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Interfacing (Continued) 


ECL devices cannot directly drive FACT devices. Interfacing 
FACT-to-ECL can be accomplished by using TTL-to-ECL 
translators and 10125 ECL-to-TTL translators in addition to 
following the same rules on the TTL outputs to CMOS in- 
puts (i.e., a resistor pull-up to Vcc of approximately 4.7 kf). 
The translation can also be accomplished by a resistive net- 
work. A three-resistor interface between FACT and ECL log- 
ic is illustrated in Figure 3-4a. Figures 3-4b and 3-4c show 
the translation from ECL-to-FACT, which is somewhat more 
complicated. These two examples offer some possible inter- 
faces between ECL and FACT logic. 


AC/ACT 


=5.2V 
TL/F/10160-4 
FIGURE 3-4a. Resistive FACT-to-ECL Translation 


+5V ; 
D,,D.~HP5082-2A11 
Ty.T2 = 2N2369 


TL/F/10160-5 
FIGURE 3-4b. Single-Ended ECL-to-’AC Circuit 


#5V 
Dy, D2 — HPS082=2A11 
Ds -IN414A 


Vee 
TL/F/10160-6 
FIGURE 3-4c. Differential Output ECL-to-’AC Circuit 


It should be understood that for FACT, as with other CMOS 
technologies, input fevels that are between specified input 
values will cause both transistors in the CMOS structure to 
be conducting. This will cause a low resistive path from the 
supply rail to ground, increasing the power consumption by 
several orders of magnitude. It is important that CMOS in- 
puts are always driven as close as possible to the rail. 


TL/F/10160-7 


FIGURE 3-5. Crystal Oscillator Circuit 
Implemented with FACT ’ACO0O 


Line Driving and Termination 


With the available high-speed logic families, designers can 
reach new heights in system performance. Yet, these faster 
devices require a closer look at transmission line effects. 


Although all circuit conductors have transmission line prop- 
erties, these characteristics become significant when the 
edge rates of the drivers are equal to or less than three 
times the propagation delay of the line. Significant transmis- 
sion line properties may be exhibited in an example where 
devices have edge rates of 3 ns and lines of 8 inches or 
greater, assuming propagation delays of 1.7 ns/ft for an 
unloaded printed circuit trace. 


Of the many properties of transmission lines, two are of 
major interest to the system designer: Zoe, the effective 
equivalent impedance of the line, and tpge, the effective 
propagation delay down the line. !t should be noted that the 
intrinsic values of line impedance and propagation delay, Zp 
and tpg, are geometry-dependent. Once the intrinsic values 
are known, the effects of gate loading can be calculated. 
The loaded values for Zoe and tpge Can be calculated with: 


Zo9 = me 
oe {1+ C/G, 


where C; = intrinsic line capacitance and C; = additional 
capacitance due to gate loading. 


The formulas indicate that the loading of lines decreases 
the effective impedance of the line and increases the propa- 
gation delay. Lines that have a propagation delay greater 
than one third the rise time of the signal driver should be 
evaluated for transmission line effects. When performing 
transmission line analysis on a bus, only the longest, most 
heavily loaded and the shortest, least loaded lines need to 
be analyzed. All lines in a bus should be terminated equally; 
if one line requires termination, all lines in the bus should be 
terminated. This will ensure similar signals on all of the lines. 





Line Driving and Termination (Continued) 
There are several termination schemes which may be used. 
Included are series, parallel, AC parallel and Thevenin ter- 
minations. AC parallel and series terminations are the most 
useful for low power applications since they do not con- 
sume any DC power. Parallel and Thevenin terminations ex- 
perience high DC power consumption. 


TL/F/10160-8 
a. No Termination 


TL/F/10160-9 
b. Series Termination 


TL/F/10160-10 
c. Parallel Termination 


TL/F/10160-11 
d. AC Parallel Termination 


TL/F/10160-12 
e. Thevenin Termination 


FIGURE 3-6a. Termination Schemes 


SERIES TERMINATIONS 


Series terminations are most useful in high-speed applica- 
tions where most of the loads are at the far end of the line. 
Loads that are between the driver and the end of the line 
will receive a two-step waveform. The first wave will be the 
incident wave. The amplitude is dependent upon the output 


impedance of the driver, the value of the series resistor and 
the impedance of the line according to the formula 
Vw = Voc * Zoe/(Zoa + Rg + Zs) 

The amplitude will be one-half the voltage swing if Rs (the 
series resistor) plus the output impedance (Zs) of the driver 
is equal to the line impedance. The second step of the 
waveform is the reflection from the end of the line and will 
have an amplitude equal to that of the first step. All devices 
on the line will receive a valid level only after the wave has 
propagated down the line and returned to the driver. There- 
fore, all inputs will see the full voltage swing within two times 
the delay of the line. 


PARALLEL TERMINATION 


Parallel terminations are not generally recommended for 
CMOS circuits due to their power consumption, which can 
exceed the power consumption of the logic itself. The pow- 
er consumption of parallel terminations is a function of the 
resistor value and the duty cycle of the signal. In addition, 
parallel! termination tends to bias the output levels of the 
driver towards either Vcc or ground. While this feature is not 
desirable for driving CMOS inputs, it can be useful for driv- 
ing TTL inputs. 


AC PARALLEL TERMINATION 


AC parallel terminations work well for applications where 
the delays caused by series terminations are unacceptable. 
The effects of AC parallel terminations are similar to the 
effects of standard parallel terminations. The major differ- 
ence is that the capacitor blocks any DC current path and 
helps to reduce power consumption. 


Thevenin Termination 


Thevenin terminations are also not generally recommended 
due to their power consumption. Like parallel termination, a 
DC path to ground is created by the terminating resistors. 
The power consumption of a Thevenin termination, though, 
will generally not be a function of the signal duty cycle. 
Thevenin terminations are more applicable for driving 
CMOS inputs because they do not bias the output levels as 
paralleled terminations do. It should be noted that lines with 
Thevenin terminations should not be left floating since this 
will cause the input levels to float between Vcc or ground, 
increasing power consumption. 


ss Parallel: 
@ Thevenin: 
m Series: 

m AC: 


Resistor = Zo 
Resistor = 2 X Zo 
Resistor = Zo — Zout 
Resistor = Zo 


3td 
Capacitor = C => —— 
Zo 
Resistor = 2 X Zo 


@ Active: 
Figure 3-6b. Suggested Termination Values 
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Thevenin Termination (continue) 
60 


0 2 4 6 8 10 12 


14 


FREQUENCY (MHz) 
FIGURE 4-6c. FACT Icc vs Termination 


FACT circuits have been designed to drive 500 transmis- 
sion lines over the full commercial temperature range and 
75 transmission lines over the military temperature range. 
This is guaranteed by the FACT family’s specified dynamic 
drive capability of 86 mA sink and 75 mA source current. 
This ensures incident wave switching on 509 transmission 
lines and is consistent with the 3 ns rated edge transition 
time. 


FACT devices also feature balanced output totem pole 
structures to allow equal source and sink current capability. 
This gives rise to balanced edge rates and equal rise and 
fall times. Balanced drive capability and transition times 
eliminate both the need to calculate two different delay 
times for each signal path and the requirement to correct 
signal polarity for the shortest delay time. 


FACT product inputs have been created to take full advan- 
tage of high output levels to deliver the maximum noise im- 
munity to the system designer. Vj and Vi, are specified at 
70% and 30% of Vcc respectively. The corresponding out- 
put levels, Voy and VoL, are specified to be within 0.1V of 
the rails, of which the output is sourcing or sinking 50 2A or 
less. These noise margins are outlined in Figure 3-7. 


co 


Voc 


22 No Termination 
——om— 500 Parallel 
moe 3320 Series 
om 500 pF, 63.0 AC 


16 18 20 


TL/F/10160-13 


70% ay \ 
50% 50% 
7 30% 


TL/F/10160-14 
FIGURE 3-7. Input Threshold 


CMOS Bus Loading 


CMOS logic devices have clamp diodes from all inputs and 
outputs to Vcc and ground. While these diodes increase 
system reliability by damping out undershoot and overshoot 
noise, they can cause problems if power is lost. 


Figure 3-8 exemplifies the situation when power is removed. 
Any input driven above the Vcc pin will forward-bias the 
clamp diode. Current can then flow into the device, and out 
Vcc or any output that is HIGH. Depending upon the sys- 
tem, this current, lij, can be quite high, and may not allow 
the bus voltage to reach a valid HIGH state. One possible 
solution to eliminate this problem is to place a series resis- 
tor in the line. 


TL/F/10160-15 


FIGURE 3-8. Noise Effects 





Noise Effects 


FACT offers the best noise immunity of any competing tech- 
nology available today. With input thresholds specified at 
30% and 70% of Vcc and outputs that drive to within 
100 mV of the rails, FACT devices offer noise margins ap- 
proaching 30% of Voc. At 5V Voc, FACT’s specified input 
and output levels give almost 1.5V of noise margin for both 
ground- and Vcc-born noise. With realistic input thresholds 
closer to 50% of Vcc, the actual margins approach 2.5V. 


However, even the most advanced technology cannot alone 
eliminate noise problems. Good circuit board layout tech- 
niques are essential to take full advantage of the superior 
performance of FACT circuits. 


Well-designed circuit boards also help eliminate manufac- 
turing and testing problems. 


Another recommended practice is to segment the board 
into a high-speed area, a medium-speed area and a low- 
speed area. The circuit areas with high current requirements 
(i.e., buffer circuits and high-speed logic) should be as close 
to the power supplies as possible; low-speed circuit areas 
can be furthest away. 


Decoupling capacitors should be adjacent to all buffer 
chips; they should be distributed throughout the logic: one 
capacitor per chip. Transmission lines need to be terminat- 
ed to keep reflections minimal. To minimize crosstalk, long 
signal lines should not be close together. 


Crosstalk 


The problem of crosstalk and how to deal with it is becom- 
ing more important as system performance and board den- 
sities increase. Crosstalk is the capacitive coupling of sig- 
nals from one line to another. The amplitude of the noise 
generated on the inactive line is directly related to the edge 
rates of the signal on the active line, the proximity of the two 
lines and the distance that the two lines are adjacent. 


Crosstalk has two basic causes. Forward crosstalk, Figure 
3-9a, is caused by the wavefront propagating down the 
printed circuit trace at two different velocities. This differ- 
ence in velocities is due to the difference in the dielectric 
constants of air (€é, = 1.0) and epoxy glass (€, = 4.7). As 
the wave propagates down the trace, this difference in ve- 
locities will cause one edge to reach the end before the 
other. This delay is the cause of forward crosstalk; it in- 
creases with longer trace length, so consequently the mag- 
nitude of forward crosstalk will increase with distance. 


Reverse crosstalk, Figure 3-9b, is caused by the mutual in- 
ductance and capacitance between the lines which is a 
transformer action. Reverse crosstalk increases linearly 
with distance up to a critical length. This critical length is the 
distance that the signal can travel during its rise or fall time. 


Although crosstalk cannot be totally eliminated, there are 
some design techniques that can reduce system problems 
resulting from crosstalk. FACT’s industry-leading noise mar- 
gins make systems immune to crosstalk-related problems 
easier to design. FACT’s AC noise margins, shown in Fig- 
ures 3-10a and 3-10b, exemplify the outstanding immunity 
to everyday noise which can effect system reliability. 
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This figure shows traces taken on a test fixture designed to exaggerate the amplitude of crosstalk pulses. 
FIGURE 3-9a. Forward Crosstalk on PCB Traces 
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Crosstalk (Continued) 


Voltage (V) 


Time (ns) (5.0 ns/div) 


Key Vertical Seole Horizontal Seale 
ee em Active Driver 1.0 V/Div 50 ns/Div 
socccccnces Reverse Crosstalk 0.2 V/Div 5.0ns/Dlv 


Active Recelver 1.0 V/Div 5.0ns/Div 
TL/F/10160-17 


This figure shows traces taken on a test fixture designed to exaggerate the amplitude of crosstalk pulses. 
FIGURE 3-9b. Reverse Crosstalk on PCB Traces 





Crosstalk (Continued) 


Active Line 


Coupled Length =L 
= Line Delay =T ea 


Passive Line 


TL/F/10160-18 
Noise Pulses at A: 


ForT > t, Noise 
Reaches Max 
Amplitude 


TL/F/10160-19 


For T = 0.5t, 
Noise Just 
Reaches Max 
at Peak 
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ForT < 0.5t, 
Noise Never 
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Amplitude 
efor 


TL/F/10160-21 
FIGURE 3-9c. Partially Coupled Lines 


r Volts from Vo¢ 


TL/F/10160-22 


Pulse Width (ns) 
TL/F/10160-23 
FIGURE 3-10a. High Noise Margin 
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Crosstalk (Continued) 


-_., 
r] = Vo 
Gnd { — 70% 
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Pulse Width (ns) 
TL/F/10160-25 


FIGURE 3-10b. Low Noise Margin 


With over 2.0V of noise margins, the FACT family offers 
better noise rejection than any other comparable technolo- 
gy. 

In any design, the distance that lines run adjacent to each 
other should be kept as short as possible. The best situation 
is when the lines are perpendicular to each other. For those 
situations where lines must run parallel, the effects of cross- 
talk can be minimized by line termination. Terminating a line 
in its characteristic impedance reduces the amplitude of an 
initial crosstalk pulse by 50%. Terminating the line will also 
reduce the amount of ringing. Crosstalk problems can also 
be reduced by moving lines further apart or by inserting 
ground lines or planes between them. 


Signal on Active une 


Passive Line 


V, = Coupled Signal 
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Noise Amplitude at A R 
Versus R = R4ZQ 


100%: No =R 


67%:R=2Zp 
60%:R=1.5Zp 
50%: R=Zy 


TL/F/10160-27 
FIGURE 3-11a. Effects of Termination on Crosstalk 





Gnd 


@ Minimize parallel trace lengths 
@ Maximize distance "S"” between traces to minimize crosstalk 
@ Add ground trace between signal traces 
@ Minimize distance h to keep line impedance low 
TL/F/10160-32 
FIGURE 3-11b. PCB Layout Tips 
for Crosstalk Avoidance 


Ground Bounce 


Ground bounce occurs as a result of the intrinsic character- 
istics of the leadframes and bondwires of the packages 
used to house CMOS devices. As edge rates and drive ca- 
pability increase in advanced logic families, the effects of 
these intrinsic electrical characteristics become more pro- 
nounced. 


Figure 3-12a shows a simple circuit model for a device ina 
leadframe driving a standard test load. The inductor L1 rep- 
resents the parasitic inductance in the ground lead of the 
package; inductor L2 represents the parasitic inductance in 
the power lead of the package; inductor L3 represents the 
parasitic inductance in the output lead of the package; the 
resistor R1 represents the output impedance of the device 
output, and the capacitor and resistor CL and R, represent 
the standard test load on the ouput of the device. 





Ground Bounce (continued) 


TL/F/10160-28 
FIGURE 3-12a. Output Model 


TL/F/10160-29 
FIGURE 3-12b. Output Voltage 


TL/F/10160-30 
FIGURE 3-12c. Output Current 


TL/F/10160-31 
FIGURE 3-12d. Inductor Voltage 


The three waveforms shown in Figures 3-12b, c and d, de- 
pict how ground bounce is generated. The first waveform 
shows the voltage (V) across the load as it is switched from 
a logic HIGH to a logic LOW. The output slew rate is depen- 
dent upon the characteristics of the output transistor, the 
inductors L1 and L3, and C,, the load capacitance. The 
second waveform shows the current that is generated as 
the capacitor discharges [| = C, © dV/dt]. The third wave- 


form shows the voltage that is induced across the induc- 

tance in the ground lead due to the changing currents 

[Vgb = —L® (dl/dt)]. 

Note: These models are included in order to assist in generating an under- 
standing of where Ground Bounce originates. They are not intended 
to be used to predict the amplitude or duration of Ground Bounce 
noise. To use them as such will give inaccurate results. If all factors 
are taken into account, highly complex equations will result. Since 
these models are so complex, we shall use empirical results to devel- 
op an understanding of Ground Bounce. 

There are many factors which affect the amplitude of the 

ground bounce. Included are: 


e Number of outputs switching simultaneously: more out- 
puts results in more ground bounce. 


Type of output load: capacitive loads generate two to 
three times more ground bounce than typical system 
traces. Increasing the capacitive load to approximately 
60 pF-70 pF increases ground noise. Beyond 70 pF, 
ground noise drops off due to the filtering effect of the 
load. Moving the load away from the output reduces the 
ground bounce. 


Location of the output pin: outputs closer to the ground 
pin exhibit less ground bounce than those further away. 


Voltage: lowering Vcc reduces ground bounce. 


Test fixtures: standard test fixtures generate 30% to 
50% more ground bounce than a typical system since 
they use capacitive loads which both increase the AC 
load and form LCR tank circuits that oscillate. 


Quiet Output Test 
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cP 
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Test Jig 1/O Loading 
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Soldered Directly 
To Output 


TL/F/10160-34 
FIGURE 3-13a. Test Jig Ground Bounce 
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Ground Bounce (Continued) 


Standard Test Setup 


———— Ground 
Quiet Output Noise 


Seven Outputs Switching 
Voc = 5V, CL = 50 pF 
Worst Case Output Pin 


TL/F/10160-35 
FIGURE 3-13b. Test Fixture Quiet Output Noise FACT AC374 


Address Bit 21 


Pin6 Pin 30 Pin3 Pin 17 


LS138 sas Ls27 LS373 
= Commercial PC Address Bus 


= No Termination Resistors TL/F/10160-36 
® Approximately 50 pF Capacitance Loading 
™ Replaced F244 with ACT244 


FIGURE 3-14a. Ground Bounce in a System 





Ground Bounce (continue) 
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FIGURE 3-14b. System Ground Bounce 
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FIGURE 3-15a. Ground Bounce Demo Board Block Diagram 
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Ground Bounce (continued) 


System Load 


—————- Ground 
Quiet Output Noise 


Seven Outputs Switching 
Voc = 5V 

Worst Case Output Pin 
Ten Loads on Quiet Output 


0.5V 10ns 
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Figure 3-15b. System Quiet Output Noise FACT AC244 


Ground bounce produces several symptoms: 

¢ Altered device states. FACT logic does not exhibit this 
symptom. ~ 

¢ Propagation delay degradation. FACT devices are speci- 
fied not to degrade more than 250 ps per additional out- 
put switching. 

e Undershoot on active outputs. The worst-case under- 
shoot will be approximately equal to the worst-case quiet 
output noise. 

® Quiet output noise. FACT logic’s worst-case quiet output 
noise has been measured to be approximately 500 mV- 
1100 mV in actual system applications. 


| fAsy | Synchronous Signals 
a 


TIL Inputs CMOS Inputs 
fo SS 
Octal Davices Other Devices 
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Use caution when using FACT octals to drive 
asynchronous signals into TTL level inputs. 


FIGURE 3-16. Design Recommendation 


Looking at the entire spectrum of logic applications, we can 
break them up into two distinct categories: Synchronous 
Signals and Asynchronous Signals. Only asynchronous sig- 
nals could be affected because device generated noise is 
concurrent with active edges and is within the device’s 
specified maximum propagation delay. These signals in- 
clude Clock Pulses, Resets, Presets, Write Enable, etc. 
Asynchronous signals typically represent only about 10% of 
the overall spectrum of applications. 


These asynchronous signal applications may be broken into 
two categories: TTL Input Thresholds and CMOS Input 
Thresholds. FACT inputs typically switch at 3.0V, for a 
2.0 ns pulse width, and TTL inputs will switch at 1.7V (FAST 
and ALS), for the same pulse width. Because of this addi- 


tional noise margin, ground bounce on asynchronous sig- 
nals into FACT inputs is not a concern. 


Again breaking up the TTL inputs group of applications into 
two groups, only those inputs being driven by FACT devices 
with eight or more outputs may be affected. Ground bounce 
created by 6 or less outputs switching simultaneously is 
small when compared to noise levels generated by octals. 
In many cases, the need for buffers can be eliminated be- 
cause all FACT devices feature 24 mA outputs. 


Therefore only a small segment (about 5%) of applications 
may be affected by device generated noise, that is, FACT 
octal devices driving asynchronous signals into TTL input 
thresholds. Although in a system, ground bounce levels, if 
isolated, will not be great enough to switch TTL inputs. How- 
ever, when summed with the overall possible system noise 
that may couple onto the signal trace line, device generated 
noise becomes a concern. That is why good, low noise de- 
sign techniques play a valuable role in eliminating noise 
generated system problems. 


Observing either one of the following rules is sufficient to 
avoid running into any of the problems associated with 
ground bounce: 


First, use caution when driving asynchronous TTL-level in- 
puts from CMOS octal outputs, or Second, use caution 
when running contro! lines (set, reset, load, clock, chip se- 
lect) which are glitch-sensitive through the same devices 
that drive data or address lines. 


When it is not possible to avoid the above conditions, there 
are simple precautions available which can minimize ground 
bounce noise. These are: 


¢ Locate these outputs as close to the ground pin as possi- 
ble. 


e Use the lowest Voc possible or separate the power sup- 
plies. 

e Use board design practices which reduce any additive 
noise sources, such as crosstalk, reflections, etc. 





Design Rules 


The set of design rules listed below is recommended to 
ensure reliable system operation by providing the optimum 
power supply connection to the devices. Most designers will 
recognize these guidelines as those they have employed 
with advanced bipolar logic families. 


e Use multi-layer boards with Vcc and ground planes, with 
the device power pins soldered directly to the planes to 
insure the lowest power line impedances possible. 

Use decoupling capacitors for every device, usually 
0.10 pF should be adequate. These capacitors should be 
located as close to the ground pin as possible. 

Do not use sockets or wirewrap boards whenever possi- 
ble. 

Do not connect capacitors from the outputs directly to 
ground. 
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Decoupling Requirements 


National Semiconductor Advanced CMOS, as with other 
high-performance, high-drive logic families, has special de- 
coupling and printed circuit board layout requirements. Ad- 
hering to these requirements will ensure the maximum ad- 
vantages are gained with FACT products. 

Local high frequency decoupling is required to supply power 
to the chip when it is transitioning from a LOW to HIGH 
value. This power is necessary to charge the load capaci- 
tance or drive a line impedance. Figure 3-18 displays vari- 
ous Vcc and ground layout schemes along with associated 
impedances. 


For most power distribution networks, the typical impedance 
is between 5029 and 1002. This impedance appears in se- 
ries with the load impedance and will cause a droop in the 
Vcc at the part. This limits the available voltage swing at the 
local node, unless some form of decoupling is used. This 
drooping of rails will cause the rise and fall times to become 
elongated. Consider the example described in Figure 3-19 
to calculate the amount of decoupling necessary. This cir- 
cuit utilizes an ’AC240 driving a 1009 bus from a point 
somewhere in the middle. 


Impedance 


1 ow 
ié Board 


d) 1002 Voc 
Impedance 
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FIGURE 3-18. Power Distribution lmpedances 
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Decoupling Requirements (Continued) 
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Worst-Case Octal Drain = 8 X 94mA 
= 0.75 Amp. 





TL/F/10160-43 
FIGURE 3-19. Octal Buffer Driving a 1000 Bus 


Being in the middle of the bus, the driver will see two 1002 
loads in parallel, or an effective impedance of 50M. To 
switch the line from rail to rail, a drive of 94 mA is needed; 
more than 750 mA will be required if all eight lines switch at 
once. This instantaneous current requirement will generate 


‘a voltage across the impedance of the power lines, causing 


the actual Vcc at the chip to droop. This droop limits the 
voltage swing available to the driver. The net effect of the 
voltage droop will lengthen device rise and fall times and 
slow system operation. A local decoupling capacitor is re- 
quired to act as a low impedance supply for the driver chip 
during high current conditions. It will maintain the voltage 
within acceptable limits and keep rise and fall times to a 
minimum. The necessary values for decoupling capacitors 
can be calculated with the formula given in Figure 3-20. 


In this example, if the Vcc droop is to be kept below 0.1V 
and the edge rate equals 4 ns, a 0.030 pF capacitor is 
needed. 

It is good practice to distribute decoupling capacitors evenly 
through the logic, placing one capacitor for every package. 


ac 





t 


Bypass Capacitors 


a 


Q=cVv 

| = CAV/At 

C = IAt/AV 

At= 4x 10-9 

Specify Voc Droop = 0.1V Max 

0.750 X 4 x 10-9 
0.1 
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C= = 30 x 10-9 = 0.090 pF 


Select Cg = 0.047 pF 


Place one decoupling capacitor adjacent to each package driving any trans- 
mission line and distribute others evenly throughout the logic. One capacitor 
per three packages. 


FIGURE 3-20. Formula for Calculating 
Decoupling Capacitors 


3-16 


Capacitor Types 


Decoupling capacitors need to be of the high K ceramic 
type with low equivalent series resistance (ESR), consisting 
primarily of series inductance and series resistance. Capaci- 
tors using 5ZU dielectric have suitable properties and make 
a good choice for decoupling capacitors; they offer mini- 
mum cost and effective performance. 


Electromagnetic Interference 


One of the features of advanced CMOS is its fast output 
edge rates. For the first time a non-ECL logic family is capa- 
ble of switching outputs at ECL speeds. In fact, advanced 
CMOS edge rates exceed that of ECL. ECL outputs typically 
swing 900 mV in 700 ps, translating into an edge rate of 
1.3 V/ns. Advanced CMOS outputs, on the other hand, 
swing 5.0V in approximately 3.0 ns, translating into an edge 
rate of 1.6 V/ns. Logic families driving at these speeds, 
however, are more prone to generate higher levels of sys- 
tem noise. Electronic systems using advanced CMOS logic, 
as with any other high performance logic system, require a 
higher level of design considerations. 


One element of system noise that will be discussed here is 
referred to as Electromagnetic Interference, or EMI. The 
level of EMI generated from a system can be greatly re- 
duced with the use of proper Electromagnetic Compatibility 
(EMC) design techniques. These design considerations be- 
gin at the circuit board level and continue through the sys- 
tem level to the enclosures themselves; EMC needs to be a 
concern at the initial system design stage. 


WHAT IS EMI/RFI? 


Electromagnetic Interference, or EMI, is an electrical phe- 
nomenon where electric field energy and magnetic field en- 
ergy are transmitted from one source to create interference 
of transmitted and/or received signals from another source. 
This may result in the information becoming distorted. Radio 
Frequency Interference, or RFI, is simply a subset of EMI. 
EMI components that radiate within the broadcast broad- 
band, consequently interfering with these broadcast fre- 
quencies, are generally referred to as RFI. Since FCC regu- 
lations are intended to protect broadcast frequencies from 
this interference, most emphasis has been placed on RFI. 
The terms RFI and EMI can often be used interchangeably. 


EMI can be an issue of emissions, that is, energy radiated 
from one system to another or within the same system. It 
can also be an issue of susceptibility, from high powered 
microwave signals or nuclear EMP (Electromagnetic 
Pulse)—an issue more applicable in the military arena than 
commercial. While this section will specifically address radi- 
ated energy, many comments may also apply to susceptibili- 
ty. 

SOURCES OF ELECTROMAGNETIC INTERFERENCE 


EMI generation in an electronic system may result from sev- 
eral sources. All mediums of signal transmission—from the 
signal origin to its destination—are possible sources of radi- 
ated EMI. Understanding how each medium—including ICs, 
coaxial cables, and connectors—can radiate EMI is para- 
mount in effective, high performance system design. 





Electromagnetic Interference (Continued) 


As Figure 3-27 illustrates, EMI in a typical electronic circuit 
is generated by a current flowing in a loop configured within 
the circuit. These paths can be either Vcc-to-GND loops or 
output-to-GND loops. The propagating current pulse cre- 
ates magnetic field energy, while the voltage drop across 
the loop area creates electric field energy. The loop material 
inself acts as an antenna radiating—or receiving—both the 
electric and magnetic fields. 


EMI generation is a function of several factors. Transmitted 
signal frequency, duty cycle, edge rate, and output voltage 
swings are the major factors of the resultant EMI levels. 
Figure 3-22 illustrates a generalized Fourier transformation 
of the transmitted signal from the time domain to the fre- 
quency domain. To think in terms of EMI, one must think in 
terms of the frequency domain. This illustration helps to re- 
alize the role of the time domain signal components in the 
frequency domain. Notice that as the signal’s period de- 
creases, duty cycle decreases, or rise/fall time decreases 
that the radiated bandwidth increases. 


On the circuit level, in addition to the signal component fac- 
tors mentioned earlier, radiating loop area, and the resultant 
antenna’s radiating efficiency also play an important role in 
EMI generation. Also, current spikes, power line noise, and 
output ringing caused by outputs switching also contribute 
to the overall EMI. Good design techniques that moderate 
this noise will play a major role in minimizing radiated EMI. 


OVERALL SYSTEM EMI 


System EMI is a function of the current loop area. Some of 
the largest loop areas in a system consist of circuit board 
signal transmission lines, backplane transmission lines, and 
1/O cables. The current loop areas of the integrated circuit 
packages—Vcc-to-GND loops—are small in comparison to 
those of the transmission lines and I/O cables. Differences 
in IC package pinout schemes are much less noticeable in 
terms of overall system radiated EMI. 


Figures 3-23a and 3-23b illustrate results from an EMI radia- 
tion predication model of logic ICs with standard (corner 
Vcc and GND) pinout and non-standard (central Vcc and 
GND) pinout, respectively. The Voc-to-GND loop was ana- 
lyzed. The formula used to model the maximum electric field 
is listed below. This formula takes into account the antenna 
dimension and efficiency as well as the basic signal compo- 
nents. 


IElMax = D 
where, 
|Elmax is the maximum E-field in the plane of the loop 
lis the current amplitude in milliamps 
A is the loop area in square cm 
A is the wavelength at the frequency of interest 
D is the observation distance in meters 
Freq is the frequency in MHz 
and the perimeter of the loop P < 2. 


Figure 3-23c illustrates the predicted radiation from signals 
propagating on eight typical PCB transmission lines. Note 
the difference in the levels of radiated EMI between the IC 
packages and the signal traces. The difference between 
package pinout becomes negligible. 


1.382 x 10-3 2 2)|% pv 
10-3e|eA Freq [1 + (320) “2 
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CIRCUIT BOARD DESIGN CONSIDERATIONS 


Original equipment manufacturers cannot afford to fail elec- 
tromagnetic emissions tests. Since these tests are mea- 
sured outside of the system, precautions to shield the enclo- 
sures, I/O cables, and connections are paramount. Howev- 
er, EMI within a system may also cause errors in data trans- 
mission or unreliable system operation. Therefore, good 
EMC design techniques at the circuit board level are just as 
necessary. 


Designing a system free of all EMI is an overwhelming task. 
However, considering the following design recommenda- 
tions at the circuit board level forms a good foundation on 
which to design a system with good EMC. 


e The use of multilayer printed circuit board is a virtual ne- 
cessity. Two-sided printed circuit board and wire-wrap 
boards provide no shielding of EMI. Two-sided boards 
also do not allow the use of power and ground planes. 
Instead they require the use of high impedance power 
and ground traces. Planes provide impedances several 
orders of magnitude lower than that of traces, reducing 
transient voltage drops in the power distribution and re- 
turn loops. As a result of these lower voltage drops, pow- 
er supply induced EMI can also be reduced. 


In addition to the reduced impedance, these power and 
ground planes have an inherent EMI shielding effect that 
the large areas of copper provide. With the use of strip- 
lines or signal transmission lines sandwiched between 
the power and ground planes, the designer can take full 
advantage of the planes’ shielding capabilities. To maxi- 
mize this shielding effect, keep the power and ground 
plane areas as homogeneous as possible. 


e Since plastic provides no EMI shielding, and sockets of 
any profile provide plenty of lead length, ICs should be 
soldered directly to the board. Solder power and ground 
pins directly to the power and ground planes, respective- 
ly. Minimize the IC and associated component lead 
lenglhs wherever possivie. 

Minimizing the number of simultaneously switching out- 
puts will also help to moderate the current pulse ampli- 
tude and output ringing. 

Terminating signal traces longer than 6 inches (typical) 
will minimize reflections and ringing due to those reflec- 
tions. 


e Avoid capacitively coupling signals from one transmis- 
sion line to another—crosstalk—by avoiding long paralle! 
signal transmission lines. If parallel transmission lines are 
unavailable, maximize the distance between the two 
lines, or insert a ground trace. Minimizing the spacing 
between the signal plane and ground plane will also help 
reduce crosstalk. For more details, see section on Cross- 
talk. 
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Design Considerations 


Electromagnetic Interference (continued) 


POWER SUPPLY DECOUPLING CONSIDERATIONS 


Much of a system’s radiated EMI may originate from the 
power supply itself. Propagation of power supply noise 
throughout a system is a very undersirable situation in any 
respect, including EMI. Suppression of this power supply 
noise is highly recommended. Decoupling the power supply 
at every level, from the system supply distribution network, 
down to the individual IC, is also a necessity when designing 
for low noise—and low EMI. 


® On the system level, the use of a tantalum or aluminum 
electrolytic capacitor in the power supply distribution net- 
work is recommended. 


Decoupling the power supply at the point of entry onto 
the printed circuit board is also highly recommended. 
The use of a low equivalent series inductance, or ESL, 
multilayer ceramic capacitor, 1.0 »F to 10.0 pF, provides 
good low to medium frequency filtering and EMI suppres- 
sion. 


To further suppress power supply noise and associated 
EMI throughout the circuit board itself, the use of a low 
ESL chip capacitor for each IC is highly recommended. 
Because the location of any transient noise on a power 
or ground plane would be impossible to predict, and the 
IC density of different circuit boards vary dramatically, 
every IC on these circuit boards should be adequately 

' decoupled. A 0.10 pF to 0.01 uF chip capacitor, located 
as close to each ground pin as possible, will provide 
good high frequency power supply noise filtering and 
added EMI suppression. 


BACKPLANE CONSIDERATIONS 


The above discussion emphasized design techniques for 
printed circuit boards. However, because the backplane 
may, and usually does, consist of several long signal trans- 
mission lines, the same low noise design techniques should 
be used. 


© Multilayer board techniques should also be applied to the 
backplane. If possible, these transmission lines should 
be shielded individually. This would allow for a denser 
parallel layout of transmission lines as well as providing 
good EMC. . 


Y 


e Use multiple ground and power connections from the 
backplane to the circuit boards’ power and ground 
planes to minimize the connection impedance. This will 
help to further suppress any source of power supply gen- 
erated EMI. 


SYSTEM CONSIDERATIONS 


One of the major sources of radiated system EMI are the 
edge connectors, I/O cables, and their associated connec- 
tors. 


e Use care to ensure that, not only the cables are shielded 
and the shield properly grounded, but that the shield to- 
tally envelopes both the cable and its connectors. The 
shield should seat firmly into a grounded chassis and 
touch the chassis a full 360° around the connection. An 
open ended cable or an improperly grounded connector 
shield will be a prime suspect for out-of-spec EMI emis- 
sions and should be avoided. Use shielded coaxial ca- 
bles whenever possible. If ribbon cable is preferred, 
shield all ribbon cables with commercially available rib- 
bon cable shielding. Again, ensure that this shield is 
properly attached to the connector shield by a full 360°. 


In choosing or designing the enclosure for the system, 
minimize the number of openings in the enclosure. Since 
high performance logic now deals with smaller wave- 
lengths than the older technologies, enclosure opening 
sizes should also be considered. Keep openings as small 
as possible. If openings are necessary (displays, con- 
trols, fans, etc.) there are commercially available acces- 
sories that offer good built-in EMI shielding. 

If access panels are necessary, ensure that these panels 
are properly sealed with some sort of shielding material 
(gaskets, copper brushes, etc.). 

Of course, the enclosure itself should be of a material 
that provides good shielding against electric fields. , 
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FIGURE 3-21. EMI is Generated by a Current Flowing in a Loop 





Electromagnetic Interference (continued) 


Time Domain 
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FIGURE 3-22. Output Characteristics 
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FIGURE 3-23a. Electric Field Radiation in dBuV/m 
from 1 Loop(s) of Area 0.6 square cm 
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FIGURE 3-23b. Electric Field Radiation in dBnV/m 
from 1 Loop(s) of Area 0.19 square cm 
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Design Considerations 


Electromagnetic Interference (Continued) 
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Frequency in MHz 


FIGURE 3-23c. Electric Field Radiation in dBuV/m 
from 8 Loop(s) of Area 10 square cm 


TTL-Compatible CMOS Designs 


Require Delta Icc Consideration 


The FACT product line is comprised of two types of ad- 
vanced CMOS circuits: "AC and ’ACT devices. ’ACT indi- 
cates an advanced CMOS device with TTL-type input 
thresholds for direct replacement of LS and ALS circuits. As 
this "ACT series is used to replace TTL, the Delta Iccr spec- 
ification must be considered; this spec may be confusing 
and misleading to the engineer unfamiliar with CMOS. 


It is important to understand the concept of Delta Iccr and 
how to use it within a design. First, consider where Delta 
Icct initiates. Most CMOS input structures are of the totem 
pole type with an n-channel transistor in a series with a 
p-channel transistor as illustrated below. 


P CHANNEL 
INPUT PAD 
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FIGURE 3-24. CMOS Input Structure 
These two transistors can be modeled as variable resistors 
with resistances varying according to the input voltage. The 
resistance of an ON transistor is approximately 4 kN while 
the resistance of an OFF transistor is generally greater than 
500 MQ. When the input to this structure is at either ground 
or Vcc, one transistor will be ON and one will be OFF. The 
total series resistance of this pair will be the combination of 
the two individual resistances, greater than 500 MQ. The 
leakage current will then be less than 1 4A. When the input 
is between ground and Vcc, the resistance of the ON tran- 
sistor will increase while the resistance of the OFF transistor 
will decrease. The net resistance will drop due to the much 
larger value of the OFF resistance. The total series resist- 
ance can be as low as 600M. This reduction in series resist- 
ance of the input structure will cause a corresponding in- 
crease in Icc as current flows through the input structure. 
The following graph depicts typical Icc variance with input 
voltage for an ’ACT device. 
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FIGURE 3-25. Icc versus Input Voltage for "ACT Devices 


The Delta Icc specification is the increase in Ico. For each 
input at Voc — 2.1V (approx. TTL Voy level), the Delta Ico 
value should be added to the quiescent supply current to 
arrive at the circuit’s worst-case static Icc value. 


Fortunately, there are several factors which tend to reduce 
the increase in Icc per input. Most TTL devices will be able 
to drive FACT inputs well beyond the TTL output specifica- 
tion due to FACT’s low input loading in a typical system. 
FAST logic outputs can drive 'ACT-type inputs down to 
200 mV and up to 3.5V. Additionally, the typical Ico increase 
per input will be less than the specified limit. As shown in 
the graph above, the Icc increase at Voc — 2.1V is less 
than 200 pA in the typical system. Experiments have shown 
that the Ic¢c of an ’ACT240 series device typically increases 
only 200 wA when all of the inputs are connected to a FAST 
device instead of ground or Vcc. 


It is important when designing with FACT, as with any TTL- 
compatible CMOS technology, that the Delta Icc specifica- 
tion be considered. Designers should be aware of the 
spec’s significance and that the data book specification is a 
worst-case value; most systems will see values that are 
much less. 





Testing Advanced CMOS 
Devices with I/O Pins 


There are more and more CMOS families becoming avail- 
able which can replace TTL circuits. Although testing these 
new CMOS units with programs and fixtures which were de- 
veloped for bipolar devices will yield acceptable results 
most of the time, there are some cases where this approach 
will cause the test engineer problems. 


Such is the case with parts that have a bidirectional pin, 
exemplified by the '245 Octal Transceiver. If the proper test- 
ing methods are not followed, these types of parts may not 
pass those tests for Icc and input leakage currents, even 
when there is no fault with the devices. 


CMOS circuits, unlike their bipolar counterparts, have static 
Icc specification orders of magnitude less than standard 
load currents. Most CMOS lIcc specifications are usually 
less than 100 A. When conducting an Icc test, greater 
care must be taken so that other currents will not mask the 
actual Icc of the device. These currents are usually sourced 
from the inputs and outputs. 


Since the static Icc requirements of CMOS devices are so 
low, output load currents must be prevented from masking 
the current load of the device during an Icc test. Even a 
standard 5002 !oad resistor will sink 10 mA at 5V, which is 
more than twice the Icc level being tested. Thus, most man- 
ufacturers will specify that all outputs must be unloaded dur- 
ing Icc tests. 

Another area of concern is identified when considering the 
inputs of the device. When the input is in the transition re- 
gion, Icc can be several orders of magnitude greater than 
the specification. When the input voltage is in the transition 
region, both the n-channel and the p-channel transistors in 
the input totem-pole structure will be slightly ON, and a con- 
duction is created from Vcc to ground. This conduction path 
leads to the increased Ico current seen in the Ico vs Vin 
curve. When the input is at either rail, the input structure no 
longer conducts. Most !Icc testing is done with all of the 
inputs tied to either Voc or ground. If the inputs are allowed 
to float, they will typically float to the middle of the transition 
region, and the input structure will conduct an order of mag- 
nitude more current than the actual Icc of the device under 
test which is being measured by the tester. 


Lee 
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FIGURE 3-26. Icc versus lin 
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When testing the Icc of a CMOS '245, problems can arise 
depending upon how the test is conducted. Note the struc- 
ture of the '245’s {/O pins illustrated below. 
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FIGURE 3-27. ’245 I/O Structure 


Each I/O pin is connected to both an input device and an 
output device. The pin can be viewed as having three 
States: input, output and output disabled. However, only two 
states actually exist. 


The pin is either an input or an output. When testing the loc 
of the device, the pins selected as outputs by the T/R signal 
must either be enabled and left open or be disabled and tied 
to either rail. If the output device is disabled and allowed to 
float, the input device will also float, and an excessive 
amount of current will flow from Vcc to ground. A simple 
rule to follow is to treat any output which is disabled as an 
input. This will help insure the integrity of an Icc test. 


Another area which might precipitate problems is the mea- 
surement of the leakages on !/O pins. The !/O pin internal 
structure is depicted below. 


The pin is internally connected to both an input device and 
an output device; the limit for a leakage test must be the 
combined lin specification of the input and the loz specifi- 
cation of the output. This combined leakage test is defined 
as |OZ7. For FACT devices, liy is specified at +1 A while 
loz is specified at +5 pA. Combining these gives a limit of 
+6 pA for I/O pins. Usually, 1/O pins will show leakages 
that are less than the loz specification of the output alone. 
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FIGURE 3-28. 1/O Pin Internal Structure 

Testing CMOS circuits is no more difficult than testing their 

bipolar counterparts. However, there are some areas of 

concern that will be new to many test engineers beginning 
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Design Considerations 


Testing Advanced CMOS 
Devices with I/O Pins (continued) 


to work with CMOS. Becoming familiar with and understand- 
ing these areas of concern prior to creating a test philoso- 
phy will avert many problems that might otherwise arise lat- 
er. 


Testing Disable Times of 
TRI-STATE® Outputs in a 


Transmission Line Environment 


Traditionally, the disable time of a TRI-STATE buffer has 
been measured from the 50% point on the disable input, to 
the (VoL + 0.3V) or (Voy — 0.3V) point on the output. Ona 
bench test site, the output waveform is generated by a load 
capacitor and a pull-up/pull-down resistor. This circuit gives 
an RC charge/discharge curve as shown below. 
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FIGURE 3-29. Typical Bench TRI-STATE Waveform 


ATE test sites generally are unable to duplicate the bench 
test structure. ATE test loads differ because they are usually 
programmable and are situated away from the actual de- 
vice. A commonly used test load is a Wheatstone bridge. 
The following figure illustrates the Wheatstone bridge test 
structure when used on the MCT 2000 test-system to dupli- 
cate the bench load. 


TL/F/10160-58 
FIGURE 3-30. MCT Wheatstone Bridge Test Load 
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The voltage source provides a pull-up/pull-down voltage 
while the current sources provide Ioy and Io,_. When devic- 
es with slow output slew rates are tested with the ATE load, 
the resultant waveforms closely approximate the bench 
waveform, and a high degree of correlation can be 
achieved. However, when devices with high output slew 
rates are tested, different results are observed that make 
correlating tester results with bench results more difficult. 
This difference is due to the transmission line properties of 
the test equipment. Most disable tests are preceded by es- 
tablishing a current flow through the output structure. Typi- 
cally, these currents will be between 5 mA and 20 mA. The 
device is then disabled, and a comparator detects when the 
output has risen to the (VoL + 0.3V) level or fallen to the 
(VoH — 0.3V) level. 


Consider the situation where the connection between the 
device under test (DUT) and the comparator is a transmis- 
sion line. Visualize the device output as a switch; the effect 
is easier to see. There is current flowing through the line, 
and then the switch is opened. At the device end, the reflec- 
tion coefficient changes from 0 to 1. This generates a cur- 
rent edge flowing back down the line equal to the current 
flowing in the line prior to the opening of the switch. This 
current wave will propagate down the line where it will en- 
counter the high impedance tester load. This will cause the 
wave to be reflected back down the line toward the DUT. 
The current wave will continue to reflect in the transmission 
line until it reaches the voltage applied to the tester load. At 
this point, the current source impedance decreases and it 
will dissipate the current. A typical waveshape on a modern 
ATE is depicted in Figure 3-37. 
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FIGURE 3-31. Typical ATE TRI-STATE Waveform 


Transmission line theory states the voltage level of this cur- 
rent wave is equal to the current in the line times the imped- 
ance of the line. With typical currents as low as 5 mA and 
impedances of 509 to 609, this voltage step can be as . 
minima! as 250 mV. If the comparator was programmed to 
the disable measurement points, it would be looking for a 
step of approximately 575 mV at 5.5V Voc. Three reflec- 
tions of the current pulse would be required before the com- 





Testing Disable Times of TRI-STATE Outputs 
in a Transmission Line Environment (continuea) 


parator would detect the level. It is this added delay time 
caused by the transmission line environment of the ATE 
that may cause parts to fail customer’s incoming tests, even 
though the device meets specifications. The figure below 
graphically shows this stepout. 

Point A represents the typical 50% measurement point on 
tester driven waveforms. Point B represents the point at 
which the delay time would be measured on a bench test 
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fixture. Point C represents where the delay time could be 
measured on ATE fixtures. The delay time measured on the 
ATE fixture can vary from the bench measured delay time to 
some greater value, depending upon the voltage level! that 
the tester is set. If the voltage level of the tester is close to 
voltage levels of the plateaus, the results may become non- 
repeatable. 
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c 
Time (ns) 
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FIGURE 3-32. Measurement Stepout 
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Understanding Latch-Up 
in Advanced CMOS Logic 


Latch-up has long been a bane to CMOS IC applications; its 
occurence and theory have been the subjects of numerous 
studies and articles. The applications engineer and systems 
designer, however, are not so much concerned with the the- 
ory and modeling of latch-up as they are with the conse- 
quences of latch-up and what has been done by the device 
designer and process engineer to render ICs resistant to 
latch-up. 

Of equal interest are those precautions, if any, which must 
be observed to limit the liability of designs to latch-up. 


WHAT IS LATCH-UP? 


Latch-up is a failure mechanism of CMOS (and bipolar) inte- 
grated circuits characterized by excessive current drain cou- 
pled with functional failure, parametric failure and/or device 
destruction. It may be a temporary condition that terminates 
upon removal of the exciting stimulus, a catastrophic condi- 
tion that requires the shutdown of the system to clear or a 
fatal condition that requires replacement of damaged parts. 
Regardless of the severity of the condition, latch-up is an 
undesirable but controllable phenomenon. In many cases, 
latch-up is avoidable. 


The cause of the latch-up exists in all junction-isolated or 
bulk CMOS processes: parasitic PNPN paths. Figure 7, a 
basic CMOS cross section, shows the parasitic NPN and 
PNP bipolar transistors which most frequently participate in 
latch-up. The P+ sources and drains of the P-channel MOS 
devices act as the emitters (and sometimes collectors) of 
lateral PNP devices; the N-substrate is the base of this de- 
vice and collector of a vertical NPN device. The P-well acts 
as the collector of the PNP and the base of the NPN. Final- 
ly, the N+ sources and drains of the N-channel MOS devic- 
es serve as the emitter of the NPN. The substrate is normal- 
ly connected to Vcc, the most positive circuit voltage, via an 
N+ diffusion tap while the P-well is terminated at Gnd, the 
most negative circuit voltage, through a P+ diffusion. 
These power supply connections involve bulk or spreading 
resistance to all points of the substrate and P-well. 


Normally, only a small leakage current flows between the 
substrate and P-well causing only a minute bias to be built 
up across the bulk due to the resistivity of the material. In 
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this case the depletion layer formed around the reverse-bi- 
ased PN junction between P-well and the substrate sup- 
ports the majority of the Vcc-Gnd voltage drop. As long as 
the MOS source and drain junctions remain reverse-biased, 
CMOS is well behaved. In the presence of intense ionizing 
radiation, thermal or over-voltage stress, however, current 
can be injected into the PNP emitter-base junction, forward- 
biasing it and causing current to flow through the substrate 
and into the P-well. At this point, the NPN device turns on, 
increasing the base drive to the PNP. The circuit next enters 
a regenerative phase and begins to draw significant current 
from the external network thus causing most of the undesir- 
able consequences of latch-up. Once established, a latch- 
up site, through the fields generated by the currents being 
conducted, may trigger similar action in both elements of 
the IC. 


WHAT TO DO 


As might be expected, latch-up is highly dependent on the 
characteristics of the bipolar devices involved in the latch- 
up loop. Device current gains, emitter efficiencies, minority 
carrier life times and the degree of NPN-PNP circuit cou- 
pling are all important factors relating to both the sensitivity 
of the particular latch-up device and to the severity of the 
failure once it has been excited. Layout geometry and pro- 
cess both contribute significantly to these parameters; 
CMOS, like other technologies, has been shrunk to provide 
more function per unit area, increasing susceptibility to 
latch-up. All major CMOS vendors have upgraded their pro- 
cesses and/or design rules to compensate for this in- 
creased susceptibility, some with more success than others. 
The lateral PNP is typically the weak link in the latch-up 
loop. As such, various devices can be exploited toward re- 
ducing the effectiveness of the PNP to participate in latch- 
up. Guard banding, device placement, the installation of 
pseudo-collectors between the P-channel devices and the 
P-well, and the use of a low resistivity substrate under an 
epitaxial layer are a few of the IC design tactics now being 
practiced to reduce the current gain or to control the action 
of the lateral PNP structures in state-of-the-art CMOS devic- 
es. 
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FIGURE 1. Basic CMOS Inverter Cross Section with Latch-Up Circuit Model 
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Vendors of CMOS ICs have always been aware of the latch- 
up phenomenon and have considerably improved their de- 
signs and processes to reduce the danger of latch-up occur- 
ing under normal usage. Abnormal applications and misuse 
of CMOS ICs may still pose problems that the CMOS ven- 
dor has little control over. Hence, CMOS users must be 
aware of what they are doing and those measures which 
must be taken to reduce the susceptibility to latch-up. The 
use of CMOS at or beyond its rated maximum voltage range 
and the presence of inductive transients are applications-re- 
lated situations which can trigger latch-up. Environment, in- 
cluding thermal stress, poorly regulated or noisy supplies 
and radiation incidence can also contribute to or cause 
latch-up. The system engineer must consider these situa- 
tions when using CMOS in designs. 


While latch-up is generally recognized as resulting from re- 
generative switching along a PNPN path, many designers 
incorrectly assume that this regenerative action places the 
device in a state that can only be recovered from if the 
system is powered down. The fact is that there is probably 
an equal, if not greater, chance that the regenerative switch- 
ing, when encountered, will be non-sustaining (the condi- 
tion, more accurately referred to as current amplification, 
will disappear when the triggering stimulus is removed); 
over-voltage applied to properly designed input protection 
networks is one example of controlled current amplification. 
For sustained latch-up to occur, the regeneration loop must 
have sufficient gain and the power source must be able to 
supply a minimum current. From this we can see that cur- 
rent-limited power supplies might be used to recover from or 
reduce the effects of latch-up. Another method uses cur- 
rent-limiting series resistors in the power connections of of- 
fending ICs in conjunction with storage capacitors shunting 
the devices. Normal switching current will be drawn from the 
capacitors while DC current will be limited by the resistors. 


In the loop of positive current feedback formed by the para- 

sitic PNP and NPN transistors of the latch-up structures, 

regenerative switching may result if sufficient loop gain is 

available. One must remember, though, that three condi- 

tions are necessary for latch-up to occur. 

1) both parasitic bipolars must be biased into the active 
State; 


2) the product of the parasitic bipolar transistor current 
gains (BnpneBpnp) must be sufficient to allow regenera- 
tion, i.e., greater than or equal to one; 


3) the terminal network must be capable of supplying a cur- 
rent greater than the holding current required by the 
PNPN path. In processes utilizing an epitaxial silicon, this 
current is usually in excess of 1A. 


lf any of these conditions is not met both during the initiation 
and in the steady state, then the latch-up condition is either 
non-sustaining or cannot be initiated. If the current to the 
latched structure is not limited, permanent damage may re- 
sult. Again, any means to prevent any of these conditions 
from being satisfied will protect the circuit from exhibiting 
sustained latch-up. 


The prevention of biasing the bipolars into the active region 
and the limiting of the current which may be supplied by the 
network are the two factors which system designers have 
under their control. Many of the protective measures long 
exercised in discrete and TTL designs may also be applied 
to CMOS designs to reduce susceptibility and prevent dam- 
age to these systems. Diode clamping of inductive loads, 
signal and supply level regulation, and sharing of large DC 
loads by several devices with suitable series limiting resis- 
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tors to distribute thermal stress over a larger area or multi- 
ple ICs are all positive-preventive measures to exploit. 


While we have been considering the CMOS device in a ge- 
neric manner, there are two primary structures used in all 
CMOS ICs which have latch-up paths associated with them; 
these are the inverter or gate and the transmission switch. 
Both structures may be susceptible under the right condi- 
tions. While the CMOS inverter can exhibit latch-up inde- 
pendent of circuit configuration, the transmission switch 
usually has lower holding current, and thus, a lower thresh- 
old for latch-up, but is dependent on its external connec- 
tions for latch-up to occur. Figure 2 shows the lumped 
equivalent circuit of the inverter. Notice the shunting resis- 
tors across the base-emitter junctions of the bipolar transis- 
tors: these resistors divert base drive from the bipolars and 
as a result increase both the trigger current and holding 
current levels required for the structures to participate in 
latch-up. A further increase in these current levels can be 
achieved by further decreasing the shunt resistance. Diffus- 
ing all active components into an epitaxial silicon, under 
which would lie a substrate of substantially less resistivity, 
will have a dramatic effect on decreasing the shunt resist- 
ance, therefore increasing the trigger current and holding 
current levels required for latch-up. 


THE CIRCUIT CONNECTION 


As we have seen above, the external circuit connections are 
regular participants in the latch-up process. The current for 
latch-up comes from these connections and often the trig- 
gering mechanism is external to the latching device. All 
three classes of external connections (power, input and out- 
put) are important in latch-up. We will now look at how these 
connections relate to this process. 


Current injection through the power terminals when the 
power supply voltage is beyond the maximum rated for the 
CMOS device can directly cause latch-up through base col- 
lector leakage or breakdown mechanisms. One aspect of 
high power supply voltages that is not often recognized is 
the effect of field-aiding lateral currents under the emitters 
of the PNP devices. This can effect a significant increase in 
the beta of these devices, making internally trigger latch-up 
much more prevalent. Again, the warning to the the system 
designer is to avoid using CMOS at maximum rated supply 
voltages unless precautions are taken to insure latch-up is 
unlikely or is at least acceptable and recoverable. Switching 
transients coupled onto power lines has become a problem 
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FIGURE 2. CMOS Inverter with Parasitic Bipolars 
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now that CMOS has become a high-speed logic technology. 
Attention to power supply decoupling is now a necessity 
when designing with high-speed CMOS. Of course, CMOS 
processes incorporating an epitaxial silicon over a substrate 
of very low resistivity is less prone to latch-up under these 
conditions. These recommended precautions should be tak- 
en just the same. 


Latch-up involving input terminals, next to gate oxide rup- 
ture, used to be one of the most common failure mecha- 
nisms of CMOS. Transients exceeding the power supply 
routinely caused either or both of these effects to occur. 
Fortunately, CMOS vendors have learned to make better 
input protection networks and have learned. that proper 
placement of these components with respect to the rest of 
the chip circuitry is necessary to reduce susceptibility to 
latch-up. The system designer should review foreign input 
signals to CMOS systems and take precautions necessary 
to limit the severity of over/undershoot from these sources. 
Measures which could be used to reduce the possibility of 
latch-up induced by input signals are: proper termination of 
transmission lines driving CMOS, series current limiting re- 
sistors, AC coupling with DC restoration to the CMOS sup- 
plies, and the addition of Schottky diode clamps to the 
CMOS power rails. As an additional measure there are sev- 
eral CMOS circuits which have input protection networks 
that can handle overvoltage in one direction or the other 
and which are specifically designed to act as interface cir- 
cuits between other logic families and CMOS. Judicious ap- 
plication of these will also aid in suppressing any tendencies 
of CMOS systems to latch-up. 


Finally, attention to CMOS outputs, their loading and the 
stresses applied to them will also enable the designer to 
generate latch-up free systems. Historically, output termi- 
nals of CMOS have been least likely to cause latch-up 
though they can participate in latch-up once it is initiated. 
The normal mode of failure in this respect is, again, the 
application of voltages beyond the CMOS supplies or the 
maximum limit for the devices though excessive current has 
also been linked to latch-up failure at elevated tempera- 
tures. Inductive surges and transmission line reflections are 
the most likely sources of output latch-up in CMOS and 
should be attended to in the most applicable method, i.e., by 
clamping, termination or through dissipative measures. 


WHAT WE HAVE DONE 


National Semiconductor, as an important supplier of ad- 
vanced CMOS to all segments of the industry, has made a 
commitment to provide IC designs which make use of state- 
of-the-art latch-up suppression techniques in an effort to 
support its customers before they need support. The three 
most important actions which we have taken to guard our 
customers from latch-up are in the areas of layout, power 
distribution and process design. These techniques, along 
with recognized good design practice, yield a product line 
that lives up to the intent of an advanced CMOS family. in 
brief review, National Semiconductor’s attack on latch-up is 
summarized in the following. 
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Latch-Up Protection Geometries 


Every FACT™ IC employs special geometries to isolate ev- 
ery input protection device and every output from active ar- 
eas on the chip. In this way, structures which would normally 
participate in latch-up loops are decoupled and are thus 
less troublesome. All devices are scrutinized for potential 
latch-up sites and are protected by similar geometries 
where any risk is significant. 


Power Distribution 


Careful attention to on-chip power distribution and en- 
hanced termination of P-wells and substrate is used by Na- 
tional Semiconductor to improve latch-up resistance. Our 
double metal process affords the advantage in maintaining 
low impedance distribution of power and ground potentials 
over the entire chip; the potential gradient-caused fields 
which often induce or enhance latch-up are thus minimized 
while functional performance is enhanced by cleaner on- 
chip power supplies. 


Process Design 


By design, the FACT process is better both in low latch-up 
susceptibility and in enhanced device performance. The 
most significant advancement of the FACT process has 
been the incorporation of an epitaxial silicon layer. Figure 3 
illustrates a modified version of Figure 7, utilizing an epitaxi- 
al layer of silicon to contain all of the active components of 
the CMOS circuit. This epitaxial layer allows the use of a 
separate layer of substrate silicon, of a resistivity some 
three orders of magnitude lower than the epitaxial layer. The 
effect is also modeled in Figure 3. 


As illustrated, the resistivity of the epitaxial silicon, Ry, is 
on the order of 6 ohm-cm to 10 ohm-cm. The underlying 
substrate resistivity, Ro, is as low as 0.008 ohm-cm to 
0.025 ohm-cm. The result is a parallel combination of resis- 
tivities, Ry and Ro, that is equivalent to Ro. What has now 
happened is that the gain of the parasitic PNP-NPN circuit 
has been dramatically slashed. Under the same latch-up 
conditions described earlier, the introduction of the low re- 
sistivity substrate now means that at least 10 times more 
current is needed to trigger the parasitic PNP-NPN combi- 
nation. 


The active components within the epitaxial layer maintain 
the same performance characteristics as those of the active 
area illustrated in the non-epitaxial CMOS circuit of Figure 7. 
Therefore the introduction of the epitaxial layer to the FACT 
process does not reduce any AC, DC, functional or ESD 
performance. However, what we have is an advanced 
CMOS logic family that is now virtually latch-up immune. 


Thus, through innovative and careful layout, attention to 
eliminating circuit situations which could be latch-up prone 
and by careful selection and maintenance of our advanced 
CMOS process, FACT sets the standard for latch-up resist- 
ance. . 
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54AC/74AC00 ¢ 54ACT/74ACTOO 
Quad 2-Input NAND Gate 


General Description Features 
The ’AC/’ACTOO contains four 2-input NAND gates. m Outputs source/sink 24 mA 
mw ’ACTOO has TTL-compatible inputs 


Ordering Code: see Sections 


Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment Pin Assignment 
for DIP, Flatpak and SOIC for LCC 
By NC Ay NC Oy 
aes] 


4 1 hs) 2 


TL/F/9911-3 As NC 0, NC By 


TL/F/9911~2 





Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 


Office/Distributors for availability and specifications. "AC 


Supply Voltage (Vcc) 
DC Input Diode Current (Ix) 
Vv, = —0.5V 
= Voc + 0.5V 


DC Input Voltage (V)) 


DC Output Diode Current (lox) 


Vo = —0.5V 
Vo = Voc + 0.5V 


—0.5V to Voc + 0.5V 


—0.5V to +7.0V ‘ACT 


Input Voltage (V)) 
Output Voltage (Vo) 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 
CDIP 


—20mA 
+20 mA 


—20mA 
+20 mA 


2.0V to 6.0V 
4.5V to 5.5V 


OV to Vcc 
OV to Vcc 


—40°C to + 85°C 
—55°C to + 125°C 


175°C 


DC Output Voltage (Vo) 


DC Output Source 
or Sink Current (Io) 


DC Vcc or Ground Current — 
per Output Pin (Ioc or Iqnp) +50 mA 


Storage Temperature (Tstaq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT circuits outside databook specifications. 


—0.5V to to Voc + 0.5V 


+50 mA 


PDIP , , , 140°C 


Input Rise and Fall Time (ty, t,) 
(Note 2) (Typical) 
(Except Schmitt inputs) AC Devices 
Vin from 30% to 70% of Voc 
Voc @ 3.0V 
Vcc @ 4.5V 
Voc @ 5.5V 
Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
_ (Except Schmitt Inputs) "ACT Devices 


150 ns/V 
40 ns/V 
25 ns/V 


: VIN from 0.8V to 2.0V, Vmeas 
’ from 0.8V to 2.0V 

Voc @ 4.5V 

Voc @ 5.5V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 


typical input rise and fall times noted here. 


DC Characteristics for "AC Family Devices 


Parameter cc 
Stes 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 


. 
5.5 


7AAC Cees 74AC 


Ta F256 ater to +125°C mie to +85°C 


Te Guaranteed Limits 


2.1 
3 a ‘e 3.15 
2.75 3.85 3.85 


0.9 
. 1.35 
2.75 1.65 


2.99 . 2.9 
4.49 : 4.4 
5.49 . 5.4 


2.4 
3.7 
4.7 


a 


Conditions 


VouT = 0.1V 
or Voc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


louT = —50 pA 


*Vin = Vit or Vin 
—12mA 
IOH —24mA 
—24mA 


lout = 50 pA 


*Vin = Vitor Vin 
12mA 
lot 24mA 
24mA 


Vi = Veco, GND 


*All outputs loaded; thresholds on input associated with output under test. 
+Maximum test duration 2.0 ms, one output loaded at a time. 


Note: I; and Ico @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vcc. 


loc for 54AC @ 25°C is identical to 74AC @ 25°C. 





DC Characteristics for ’AC Family Devices (Continued) 


manc | saa | 74AC 


= ° Ta = Ta = 


| ss GuaranteedLimits = Limits 


{Minimum Dynamic ce ne oS 
grniaisallel $8), 8 [mA 


Maximum Quiescent 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ii, and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
Ioc for 54AC @ 25°C is identical to 74AC @ 25°C. 


Vec 
ices 


Parameter 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


°C Ta = Ta = 


Parameter i lacie ae —wrcte ase | to +85°C 
| Typ 


Symbol 


| = GuaranteedLimits = Limits 
Minimum High Level | 4.5 1.5 2.0 
Input Voltage 5.5 1.5 2.0 
ViL Maximum Low Level 0.8 0.8 0.8 
Input Voltage rs 8 a 8 0.8 
Minimum High oud 4, ae im mr 
5. 4 


Output Voltage a 49 


4.5 3.86 3.70 3.76 
5.5 4.86 4.70 4.76 
4.5 | 0.001 0.1 0.1 
5.5 | 0.001 0.1 0.1 
4.5 0.36 0.50 0.44 
5.5 0.36 0.50 0. a) 
Maximum Input 

Leakage Current 


Maximum Low Level 
Output Voltage 


Maximum 
loc/Input 


TMinimum Dynamic 
Output Current 


mA 


Maximum nh SS 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 


Conditions | 


= 1.65V Max 
VonHp = 3.85V Min 


Conditions 


Vout = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Voc — 0.1V 


lout = —50 pA 


*Vin = Vit or Vin 
—24mA 
—24mA 


|v |i = 50 1A 


loH 


I = Vit or Vin 
24 mA 


ran 24mA 


= Voc, GND 
Be Voc — 2.1V 
| mA | Voip = 1.65V Max 


Voub = 3.85V Min 


Vin = Voc 
or GND 





00 


AC Electrical Characteristics 


= Ta = —55°C 
Parameter io = jes = to + 125°C 
| L a C, = 50 pF 


Propagation Delay 2.0 . R 1.0 : 2.0 be . 
1.5 ; : 1.0 : 1.5 
Propagation Delay 1.5 : ; 1.0 1.0 
1.5 : : 1.0 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 





AC Electrical Characteristics 


74ACT 54ACT 74ACT 
= * Ta = —55°C Ta = —40°C 
Parameter e. oe = ie to + 125°C to +85°C 
Tee C. = 50 pF C. = 50 pF 


Propagation Delay er a 18 9.0 fe 08 io as Ta | 
Propagation Delay | 5.0 _ vo | 10 80 | 10 60 | ns | 


Voltage Range 5.0 is 5.0V +0.5V ; 
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54AC/74AC02 
Quad 2-Input NOR Gate 


General Description 
The 'ACO2 contains four, 2-input NOR gates. 


Ordering Code: see Section 5 


Logic Symbol 


IEEE/IEC 


TL/F/9912-1 


Description 


An, Bn Inputs 
On Outputs 


Features 
@ Outputs source/sink 24 mA 


Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, Flatpak and SOIC for LCC 


Ay NC 0, NC By 
BOWE 


iE 
Os NC Ap NC By 
TL/F/9912-2 


TL/F/9912-3 





Absolute Maximum Rating (note 1) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. ty Voltage (Vcc) 2.0V to 6.0V 


Supply Voltage (Vcc) —0.5V to +7.0V "ACT 4.5V to 5.5V 
DC Input Diode Current (Ix) Input Voltage (V)) OV to Veco 
Yi —08y 20 mA Output Voltage (Vo) OV to Voc 


Vi = Voc + 0.5V +20 mA 0 ting T: ture (Ta) 
2 perating Temperature (Ta 
DC Input Voltage (V}) 0.5V to Vcc + 0.5V 74AC/ACT — 40°C to + 85°C 


DC Output Diode Current (lox) 54AC/ACT —55°C to +125°C 


Vo = —0.5V ~20 mA : 
= Junction Temperature (T) 
Vo = Voc + 0.5V +20 mA CDIP 175°C 


DC Output Voltage (Vo) —0.5V to to Vcc + 0.5V PDIP 140°C 


DC Output Source Input Rise and Fall Time (t;, t;) 
or Sink Current (Io) +50 mA (Note 2) (Typical) 

DC Vcc or Ground Current (Except Schmitt Inputs) AC Devices 
per Output Pin (Icc or Iqnp) +50 mA Vin from 30% to 70% of Voc 


Storage Temperature (Tstq) —65°C to + 150°C . 150 ns/V 


Note 1: Absolute maximum ratings are those values beyond which damage 7 40 ns/V 
to the device may occur. The databook specifications should be met, without : 25 ns/V 
exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (t,, t) 
temperature, and output/input loading variables. National does not recom- (Note 2) (Typical) 
mend operation of FACT™ circuits outside databook specifications. (E t eae itt Inputs) “ACT Device 

: xcep mi puts VvICeS 


Vin from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Voc @ 4.5V . 10 ns/V 
Vec @ 5.5V 8 ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fail times noted here. 


DC Characteristics for "AC Family Devices 


74AC 


74AC 
Vec Ta= Ta= 
= + ° 
pymbol Pane vy | TA= t25C | _soocte +125°C | —40°C to +85°C 
Typ Guaranteed Limits 


Minimum High Level | 3.0 1.5 : 2.1 
Input Voltage 45 2.25 : 3.15 
5.5 2.75 : 3.85 


Maximum Low Level | 3.0 1.5 b 0.9 
Input Voltage 4.5 2.25 : 1.35 
5.5 2.75 : 1.65 


Minimum High Level! | 3.0 2.99 ; 2.9 2.9 
Output Voltage 45 | 4.49 : 4.4 4.4 
5.5 5.49 : 5.4 5.4 


Conditions 


Vout = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


lout = —50 pA 


*Vin = Vit or Vin 
—12mA 
lou —24mA 
—24mA 


3.0 2.4 2.46 
4.5 3.86 3.7 3.76 


5.5 4.86 4.7 4.76 


Maximum Low Level | 3.0 | 0.002 0.1 0.1 0.1 
Output Voltage 4.5 | 0.001 0.1 0.1 0.1 
5.5 | 0.001 0.1 0.1 0.1 

lo 24mA 


3.0 0.36 0.5 0.44 
4.5 0.36 0.5 0.44 
5.5 0.36 0.5 0.44 24mA 
Maximum Input Vi = Voc, GND 
+ 
Leakage Current ss] [sor] sto aaa 
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lout = 50 pA 


"Vin = Vit or Vin 
12mA 





eed 





DC Characteristics for ’AC Family Devices (continued) 


Vcc - °C Ta= Ta = : 
parameter (V) ———Lasce ture were to + 125°C | —40°C to +85°C hl 
| ss GuaranteedLimits Limits 


cael oe ae ea Voup = 3.85 Min 
Maximum Quiescent a 
Supply Current 


*Alt outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 


Note: iy and Ico @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vcc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


AC Electrical Characteristics 


Vec* Ta = +25°C 
: a | = 


Propagation Delay 3.3 
5.0 

Propagation Delay 
5.0 


*Voltage Range 3.3 is 3.3V + 0.3V 
Voltage Range 5.0 is 5.0V + 0.5V 


Capacitance 


Input | InputCapacitance | Veo = 5.0V_ | = 5.0V 


Power Dissipation Capacitance 2 + Veco = 5.0V 





National © 
Semiconductor 


54AC/74AC04 e 54ACT/74ACT04 
Hex Inverter 


General Description Features 
The 'AC/’ACT04 contains six inverters. — @ Outputs source/sink 24 mA 


The information for the ’ACTO4 is Advanced Informa- ™@ 'ACT04 has TTL-compatible inputs 
tion only. 


Or dering Code: see Sections 
Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment Pin Assignment 
for DIP, Flatpak and SOIC for LCC 


Ay NC 0, NC Ay 


DE 


TL/F/9913-3 0, NC Ay NC Os 


TL/F/9913-2 


Description 


An Inputs 
On Outputs 
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Absolute Maximum Rating (note 1) 


If Millitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (Ij) 
Vv; = —0.5V 
Vi = Voc + 0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (Io) 
Vo = —0.5V 
Vo = Voc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Vcc or Ground Current 
per Output Pin (Ico or Iqnp) +50 mA 
Storage Temperature (TsTG) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. Nationa! does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20mA 
+20mA 


—0.5V to Voc + 0.5V 
—20mA 
+20mA 

—0.5V to to Voc + 0.5V 


+50 mA 


Recommended Operating 
Conditions 
Supply Voltage (Vcc) 

"AC 2.0V to 6.0V 
‘ACT 4.5V to 5.5V 


Input Voltage (V)) OV to Vcc 
Output Voltage (Vo) OV to Vcc 
Operating Temperature (Ta) 


74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 
CDIP 175°C 
PDIP Ne 


Input Rise and Fall Time (t,, tp) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
Vin from 30% to 70% of Vcc 
Voc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t,, t,) 


(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 


— 40°C to + 85°C 
— 55°C to + 125°C 


150 ns/V 
40 ns/V 
25 ns/V 


Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 

Voc @ 4.5V 

Voc @ 5.5V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 


typical input rise and fall times noted here. 


DC Characteristics for "AC Family Devices 


Symbol 


Vin 


Vit 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 


Maximum Input 
Leakage Current 


Ta = +25°C 


1.5 
2.25 
2.75 


1.5 
2.25 
2.75 


2.99 
4.49 


Ta = Ta = 
—558°C to + 125°C | —40°C to + 85°C 


Guaranteed Limits 


2.1 
3.15 
3.85 
0.9 0.9 
1.35 1.35 
1.65 1.65 
2.9 


2.9 
4.4 4.4 4.4 
5.4 5.4 


2.4 
3.7 


Conditions 


VouT = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


lout = —50 pA 


*Vin = Vitor Vin 
—12mA 
lon —24mA 
—24mA 


lout = 50 pA 


“Vin = Vit or Vin 
12mA 
foL 24mA 
24mA 


Vi = Voc, GND 





DC Characteristics for "AC Family Devices (Continued) 


i ea 


* Parameter Mes Conditions 
Guaranteed | ss GuaranteedLimits =| 
TMinimum oe | —— 2-2 Votp = 1.65V Max 
oe | Current en oe ee Voip = 3.85V Min 
eetttte tet | 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 


Note: li and !oc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


AC Electrical Characteristics 


Ta = —40°C 
Ta = +25°C ; fi 
Parameter , C. = 50 pF to aes Cc 
| Min Typ Max | Min Max | Min Max | 


Propagation Delay 9.0 1.0 11.0 1.0 
7.0 1.0 8.5 1.0 
Propagation Delay 5 : 8.5 1.0 10.0 1.0 
be . 6.5 1.0 7.5 1. 
*Voltage Range 3.3 is 3.3V +0.3V ; 
Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


Input | InputCapacitance —_| | Voc = 5.0V | = 5.0V 


Power Dissipation E 
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54AC/74AC08 ¢ 54ACT/74ACT08 
Quad 2-Input AND Gate | 


General Description Features 


The 'AC/’ACTO8 contains four, 2-input AND gates. m Outputs source/sink 24 mA 
mw ’ACTO8 has TTL-compatible inputs 


The information for the ’ACT08 is Advanced Information only. 


Ordering Code: see Sections 


Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
IEEE/IEC for DIP, Flatpak and SOIC for LCC 


By NC Ay NC Op 
BOBS 


1 
TL/F/9914-1 TL/F/9914-3 As NC 0, NC By 


TL/F/9914-2 
Pin Names Description 


An; Bn Inputs 
On Outputs 





Absolute Maximum Rating (note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 

please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 2.0V to 6.0V 


Supply Voltage (Vcc) —0.5V to +7.0V "ACT 4.5V to 5.5V 
DC Input Diode Current (jx) Input Voltage (V)) OV to Voc 
= eo MA Output Voltage (Vo) ee OV to Voc 


7 perating Temperature (Ta 
DC Input Voltage (V}) 0.5V to Voc + 0.5V 74AC/ACT —40°C to + 85°C 


DC Output Diode Current (lox) 54AC/ACT —55°C to + 125°C 


Vo = —0.5V : —20mA ; 
oe Junction Temperature (Ty) 
Vo = Voc + 0.5V +20 mA CDIP 175°C 


DC Output Voltage (Vo) —0.5V to to Voc + 0.5V ~ PDIP 140°C 


DC Output Source Input Rise and Fall Time (t,, t,) 
or Sink Current (Io) +50 mA (Note 2) (Typical) 

DC Vcc or Ground Current (Except Schmitt Inputs) "AC Devices 
per Output Pin (Ic or Iqnp) +50 mA Vin from 30% to 70% of Voc 


Storage Temperature (Tstg) —65°C to + 150°C Vec @ 3.0V 150 ns/V 


Note 1: Absolute maximum ratings are those values beyond which damage Voc @ 4.5V 40 ns/V 
to the device may occur. The databook specifications should be met, without Voc @ 5.5V 25 ns/V 
exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (t,, t;) 

temperature, and output/input loading variables. National does not recom- (Note 2) (Typical) 

mend operation of FACT™ circuits outside databook specifications. (Except Sa Inputs) "ACT Devices 


Vin from 0.8V to 2.0V, Vmeas 
‘from 0.8V to 2.0V : 

Voc @ 4.5V 10 ns/V 
Vec @ 5.5V 8 ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


Supply Voltage (Vcc) 
‘AC 


DC Characteristics for "AC Family Devices 


74AC 


Ta = Ta = 
—55°C to + 125°C | —40°C to + 85°C 
Typ Guaranteed Limits 


Vin Minimum High Level | 3.0 2.1 2.1 
Input Voltage 4.5 3.15 3.15 
3.85 3.85 


5.5 
VIL Maximum Low Level : . 0.9 
Input Voltage 1.35 
1.65 
3.0 2.9 2.9 


Minimum High Level 
Output Voltage 4.5 ; 4.4 4.4 
5.4 


5.4 
2.4 2.46 
3.7 3.76 
F 4.7 4.76 
Maximum Low Level : 0.1 0.1 
Output Voltage : 0.1 0.1 

. 0.1 0.1 

0.36 0.44 
0.36 0.44 
0.36 0.44 


5.5 
Maximum Input 
+0. +1. 
Leakage Current pes} | aor | 


Symbol Parameter Vec Ta = +25°C 


Conditions 
(V) 


Vout = 0.1V 
or Voc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


louT = —50 pA 


“Vin = Vit or Vin 
—12mA 
lon —24mA 
—24mA 


louT = 50 pA 


"Vin = Vitor Vin 
12mA 
lo 24 mA 
24mA 


= 
Se 





DC Characteristics for "AC Family Devices (continued) 


mac | sane | 74AC 


°C Ta= Ta= 
Parameter —55°C to + -——| eee see see see. — 40°C to +85°C conditions 


| = GuaranteedLimis si Limits 


Minimum Dynamic Sp Vou = 1.65V Max 


Output Current mA j VoHp = 3.85V Min 


Maximum mL SS 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 
+Maximum test duration 2.0 ms, one output loaded at a time. 


Note: lin and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vcc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


AC Electrical Characteristics 


Vv Ta = —55°C 
Parameter {=e to + 125°C 
C_ = 50 pF = 


Propagation Delay : 1.0 : 1.0 
: 1.0 ; 1.0 

Propagation Delay ; 1.0 : 1.0 
A ; ; 1.0 : 1.0 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


mn | InputCapacitance —_| Capacilance —e— 5 Yoo = | co = BOY | | co = BOY | 


Power Dissipation Voc = 5.0V 
Capacitance 
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54AC/74AC10 
Triple 3-Input NAND Gate 


General Description — Features 
The ’AC10 contains three, 3-input NAND gates. m Outputs source/sink 24 mA 


Ordering Code: see Section 5 


Logic Symbol Connection Diagrams 


IEEE/IEC 
Pin Assignment Pin Assignment 
for DIP, Flatpak and SOIC for LCC 
Cy NC By NC A, 
(6) [5] 


TL/F/9915-1 


TL/F/9915-3 By NC Ap NC Oo 


TL/F/9915-2 


| PinNames | Description _| 


An: Bn; Ch 
On Outputs 





Absolute Maximum Rating (note 1) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. ae Voltage: (ec) 2.0V to 6.0V 


Supply Voltage (Vcc) —0.5V to +7.0V ‘ACT 4.5V to 5.5V 
DC Input Diode Current (Ix) Input Voltage (Vj) OV to Voc 
Vie ~ 20m Output Voltage (Vo) OV toVcc 


Vi = Voc + 0.5V +20mA 5 ee ture (Ta) 
= perating Temperature (Ta 
DC Input Voltage (V)) 0.5V to Voc + 0.5V 74AC/ACT ~40°C to +85°C 


DC Output Diode Current (Io) 54AC/ACT —55°C to + 125°C 


Vo = —0.5V —20mA ; 
- Junction Temperature (Ty) 
Vo = Vcc + 0.5V +20mA CDIP 175°C 


DC Output Voltage (Vo) —0.5V to to Voc + 0.5V PDIP 140°C 


DC Output Source Input Rise and Fall Time (t,, t;) 
or Sink Current (Io) +50 mA (Note 2) (Typical) 

DC Vcc or Ground Current (Except Schmitt Inputs) "AC Devices 
per Output Pin (loc or Iqnp) £50mA Vin from 30% to 70% of Voc 


Storage Temperature (TsTq) —65°C to + 150°C : 150 ns/V 


Note 1: Absolute maximum ratings are those values beyond which damage , 40 ns/V 
to the device may occur. The databook specifications should be met, without . 25 ns/V 
exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (tr, ty) 
temperature, and output/input loading variables. National does not recom- (Note 2) (Typical) 
mend operation of FACT™ circuits outside databook specifications. (E ts ke itt | ts) ACT Devi 

xcept ocnmilt inputs evices 


Vin from 0.8V to 2.0V, Vineas 

from 0.8V to 2.0V 

Vec @ 4.5V 10 ns/V 
Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


DC Characteristics for "AC Family Devices 


74AC 74AC 
Symbol Parameter Vec Ta = +25°C . Z Units Conditions 
(V) % —55°C to + 125°C | —40°C to +85°C 


+4 
> 
| 

+ 
> 
| 


Typ Guaranteed Limits 


VIH Minimum High Level 21 i Vout = 0.1V 
Input Voltage 3.15 : or Vcc — 0.1V 
3.0 





3.85 


ViL Maximum Low Level 0.9 : Vout = 0.1V 
Input Voltage 4.5 1.35 : or Vcc — 0.1V 
5.5 1.65 


Minimum High Level | 3.0 2.9 2.9 : louT = —50 pA 
Output Voltage 4.5 4.4 4.4 
5.5 5.4 5.4 


*Vin = Vit or Vin 
2.56 2.4 ; —-12mA 
4.5 3.86 3.7 : OH —24mA 
5.5 4.86 4.7 : —24mA 


Maximum Low Level | 3.0 | 0.002 0.1 0.1 : lout = 50 pA 
Output Voltage 4.5 | 0.001 0.1 0.1 
5.5 0.001 0.1 0.1 


3.0 


"VIN = Vitor Vin 
0.36 0.5 : 12mA 
0.36 0.5 ; lo 24mA 
0.36 0.5 F 24mA 


Vi = Voc, GND 


Bi 


Maximum Input 
Leakage Current 


+0 +1.0 . pA 
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DC Characteristics for AC Family Devices (continued) 


ee | sang] t4nc 
| 55 | 
5.5 | 


‘ Ta = Ta = 
Ta= +25°C | _ ecto +125°C | —40°C to +85°C 


Guaranteed Limits 
Minimum Dynamic | fs mA = 1.65V Max 
Maximum Quiescent = 
Supply Current 
*All outputs loaded; thresholds on input associated with output under test. 
ftMaximum test duration 2.0 ms, one output loaded at a time. 


Note: lj and Icc @ 3.0V are guaranteed to be fess than or equal to the respective limit @ 5.5V Vcc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


Parameter Conditions 


AC Electrical Characteristics 


Parameter 


Propagation Delay See 
Propagation Delay Ce hae 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


eee 
a 


Power Dissipation 
Capacitance 
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National © 
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54AC/74AC11 
Triple 3-Input AND Gate 


General Description Features 
The ’AC11 contains three 3-input AND gates. m Outputs source/sink 24 mA 


Ordering Code: see Section 5 


Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment Pin Assignment 
for DIP, Flatpak and SOIC for LCC 
C, NC By NC A, 


TL/F/9916-3 By NC Ap NC Oy 


TL/F/9916-2 


TL/F/9916-1 


Description 


An: Bn: Cr Inputs 
On Outputs 
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Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (1)x) 
Vv) = —0.5V 
Vi = Voc + 0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (Iox) 
Vo = —0.5V 
Vo = Voc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Vcc or Ground Current 
per Output Pin (Ioc¢ or Iqnp) +50 mA 
Storage Temperature (Tstg) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACTT circuits outside databook specifications. 


—20mA 
+20mA 


—0.5V to Voc + 0.5V 
—20mA 
+20 mA 

—0.5V to to Voc + 0.5V 


+50 mA 


Recommended Operating 


Conditions 

Supply Voltage (Vcc) 
"AC 2.0V to 6.0V 

‘ACT 4.5V to 5.5V 


Input Voltage (V)) OV to Vcc 
Output Voltage (Vo) OV to Vcc 
Operating Temperature (Ta) 
74AGC/ACT 
54AC/ACT 


Junction Temperature (T)) 
CDIP eG 
PDIP 140°C 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 
Voc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) ‘ACT Devices 
VIN from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Voc @ 4.5V 10 ns/V 
Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


—40°C to + 85°C 
—55°C to + 125°C 


150 ns/V 
40 ns/V 
25 ns/V 


DC Characteristics for ’AC Family Devices 


| saa | 74a 


Vec _ . Ta = Ta = 
(V) Ta= +25°C | _cescto +125°C | —40°C to + 85°C 


Guaranteed Limits 


Symbol Parameter Conditions 


Vin Minimum High Level ‘ ; : 2.1 
Input Voltage : : ; 15. 3.15 
3.85 


ViL Maximum Low Level . ; 0.9 
Input Voltage : : 1.35 
1.65 


Minimum High Level ; : ; : 2.9 
Output Voltage ; ‘ : ; 4.4 
5. 


2.46 
3.76 
4.76 
0.44 
0.44 
0.44 


Vout = 0.1V 
or Voc — 0.1V 


VouT = 0.1V 
or Voc — 0.1V 


lout = —50 pA 


“Vin = Vit or Vin 
-12mA 
IOH —24mA 
—24mA 


Maximum Low Level 
Output Voltage 


lout = 50 pA 


“Vin = Vit or Vin 
12mA 
lo 24mA 
24mA 


Vv 
+1.0 yA 





DC Characteristics for "AC Family Devices (Continued) 


mac | sane | 74a 


°C Ta = Ta = 
Parameter 55°C Oa gt Be ante ee +125°C | —40°C to +85°C Conditions 


| = GuaranteedLimits si Limits 


tMinimum Dynamic pp Bo BW Ade Voip = 1.65V Max 
Maximum EE 
Supply Current 


“All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: li and Icc¢ @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


AC Characteristics 


74AC | saac | AAC 
Vcc" 
Parameter 
(V) 


Ta = —55°C 
Ta = +25°C 
Pea to + 125°C 


C_ = 50 pF 


Propagation Delay . 1.0 . 1.0 fe : 
; 1.0 : 1.0 
Propagation Delay 5 : : 1.0 
He ‘ : 1.0 


*Voltage Range 3.3 is 3.3V +0.3V 
*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


a Input Capacitance Yoo = 5.0V 


Power Dissipation Voc = 5.0V 
Capacitance 
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54AC/74AC14 © 54ACT/74ACT 14 
Hex Inverter with Schmitt Trigger Input 


General Description 


The ’AC/’ACT14 contains six inverter gates each with a 
Schmitt trigger input. The ’AC/’ACT14 contains six logic in- 
verters which accept standard CMOS input signals (TTL lev- 
els for ’ACT14) and provide standard CMOS output levels. 
They are capable of transforming slowly changing input sig- 
nals into sharply defined, jitter-free output signals. In addi- 
tion, they have a greater noise margin than conventional 
inverters. 


The ’AC/’ACT14 has hysteresis between the positive-going 
and negative-going input thresholds (typically 1.0V) which is 
determined internally by transistor ratios and is essentially 
insensitive to temperature and supply voltage variations. 


Features 


m Outputs source/sink 24 mA 
@ 'ACT14 has TTL-compatible inputs 


The Information for the ’ACT14 is Advanced Information only. 


Ordering Code: see Sections 


Logic Symbol 


Pin Assignment 
for DIP, Fiatpak and SOIC 


IEEE/IEC 


TL/F/9917-1 


Function Table 


Connection Diagrams 


Pin Assignment 
for LCC 


I, NC 0, NC hy 
eafea aes 


G3) 
0, NC ly NC Os 
TL/F/9917-3 


TL/F/9917-2 


| _PinNames | Description 


Inputs 
Outputs 





4-24 


Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) -0.5V to +7.0V 
DC Input Diode Current (jx) 
V; = —0.5V 
Vi = Voc + 0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (lox) 
Vo = —0.5V 
Vo = Vcc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (io) 


DC Vcc or Ground Current 
per Output Pin (Icc or Iqnp) +50 mA 


Storage Temperature (TsTq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20mA 
+20 mA 


-0.5V to Voc + 0.5V 
—20mA 
+20mA 

—0.5V to to Vcc + 0.5V 


+50 mA 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
‘AC 


2.0V to 6.0V 
‘ACT 4.5V to 5.5V 


Input Voltage (Vj) 


Output Voltage (Vo) 
Operating Temperature (Ta) 


74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 


CDIP 
PDIP 


Input Rise and Fall Time (t,, t,) 


OV to Vcc 
OV toVcc 


— 40°C to + 85°C 
— 55°C to + 125°C 


175°C 
140°C 


(Note 2) (Typical) 
(Except Schmitt Inputs) AC Devices 
Vin from 30% to 70% of Voc 
Vcc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 
Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) ‘ACT Devices 


150 ns/V 
40 ns/V 
25 ns/V 


Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 

Voc @ 4.5V 

Voc @ 5.5V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 


typical input rise and fall times noted here. 


DC Characteristics for "AC Family Devices 


74AC 


| sane | 7aac 


Ta = Ta = 


Vec | t, = +25°C 


Parameter 
(V) 


Symbol 


Typ 


VoH Minimum High Level! 2.99 
Output Voltage ie 
5.5 | 5.49 


Maximum Low Level 
Output Voltage 


3.0 

4.5 

5.5 : 
0.36 
0.36 
0.36 

mic ets — 


Ea — 
Vv 


Maximum Input 
Leakage Current 
Maximum Positive 


Threshold 


Minimum Negative 
Threshold 


—55°C to + 125°C 


—40°C to + 85°C 


Conditions 


Guaranteed Limits 


2.9 
4.4 
5.4 


*Vin = Vicor Vin 
2.4 : —12mA 
3.7 : lou —24mA 
47 : —24mA 


0.1 . louT = 50 pA 
- 


*Vin = Vit or Vin 
0.44 12mA 
0.44 loL 24mA 
0.44 24mA 


= Voc, GND 





DC Characteristics for "AC Family Devices (continued) 


mac | aac | 748 


Vec Ta= Ta = 
= + 
Parameter wv) Ta= +28°C | _ coset +125°C | —40°C to + 85°C 


Typ Guaranteed Limits 


Viymax) | Maximum Hysteresis | 3.0 1.2 
4.5 1.4 
5.5 1.6 


Viiminy | Minimum Hysteresis | 3.0 0.3 
si 0.4 
0.5 


{Minimum Dynamic Ss a BS Sa mA_| Voup = 1.65V Max 


Output Current mA 


Maximum wn | $8 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: lin, and Iocg @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


AC Electrical Characteristics 


‘ 7 " Ta = —55°C 
Parameter oe 2 a a = to + 125°C 
L P CL = 50 pF = 
Min Typ Max _Min Mex | in Ma 


Propagation Delay 1.5 9.5 13.5 1.0 
1.5 7.0 10.0 1.0 

Propagation Delay 3.3 1.5 7.5 11.5 1.0 
5.0 1.5 6.0 8.5 1.0 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


2 Input Capacitance sara oa Voo = 5.0V 


Power Dissipation Voc = 5.0V 
Capacitance 
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54AC/74AC20 
Dual 4-input NAND Gate 


General Description Features 
The ’AC20 contains four 4-input NAND gates. m Outputs source/sink 24 mA 


Ordering Code: see Sections 


Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment Pin Assignment 
for DIP, Flatpak and SOIC for LCC 
Dp NC Cy NC NC 
(6) 


[3] Bp 
[2] Ap 
CNC 


a ) | 


Ay 
TL/F/991 
8-3 
C, NC NC NC B, 


TL/F/9918-2 


TL/F/9918-1 


| Pinames_——|___Description | 


Am: Bn: Cn, On Inputs 
On Outputs 
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Absolute Maximum Rating (note 1) 
if Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to + 7.0V 

DC Input Diode Current (hx) 
Vv; = —0.5V —20mA 
= Voc + 0.5V +20mA 


DC Input Voltage (V)) 
DC Output Diode Current (lox) 


—0.5V to Voc + 0.5V 


Vo = —0.5V —20mA 

Vo = Vcc + 0.5V +20mA 
DC Output Voltage (Vo) —0.5V to to Voc + 0.5V 
DC Output Source 

or Sink Current (Io) +50 mA 
DC Vcc or Ground Current 

per Output Pin (Ioc or Iqnp) +50 mA 


Storage Temperature (Tstq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™™ circuits outside databook specifications. 








Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
"AC 


2.0V to 6.0V 
"ACT 4.5V to 5.5V 
Input Voltage (V)) OV to Voc 
Output Voltage (Vo) OV to Voc 
Operating Temperature (Ta) 
74AC/ACT —40°C to + 85°C 
54AC/ACT —55°C to + 125°C 
Junction Temperature (T4) 
CDIP 175°C 
PDIP 140°C 


Input Rise and Fall Time (ty, te) 
(Note 2) (Typical) 
(Except Schmitt Inputs) AC Devices 
Vin from 30% to 70% of Voc 


Voc @ 3.0V 150 ns/V 

Voc @ 4.5V 40 ns/V 

Voc @ 5.5V 25 ns/V 
input Rise and Fall Time (t,, ts) 

(Note 2) (Typical) 

(Except Schmitt Inputs) "ACT Devices 

Vin from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Voc @ 4.5V 10 ns/V 

Voc @ 5.5V 8 ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


DC Characteristics for "AC Family Devices 


























= ete 74AC 
Ta = 
Symbol Parameter a Ta = +28°C se i +125°C | —40°C to +85°C Conditions 
Typ Guaranteed Limits 
Vin Minimum High Level 1.5 2.1 Vout = 0.1V 
Input Voltage ie: 2.25 ; : 3.15 Vv or Vcc — 0.1V 
5.5 | 2.75 3.85 3.85 
Vit Maximum Low Level | 3.0 1.5 0.9 Vout = 0.1V 
Input Voitage 4.5 2.25 ee ee 1.35 Vv or Voc — 0.1V 
5.5 | 2.75 1.65 1.65 1.65 
Minimum High Level | 3.0 2.99 2.9 2.9 2.9 lout = —50 pA 
Output Voltage 4.5 | 4.49 4.4 4.4 4.4 Vv 
5.5 5.49 5.4 5.4 5.4 
*Vin = Vitor Vin 
3.0 2.56 2.4 2.46 —12mA 
4.5 3.86 3.7 3.76 Vv lou —24mA 
5.5 4.86 4.7 4.76 —24mA 
Maximum Low Level | 3.0 | 0.002 0.1 0.1 lout = 50 pA 
Output Voltage 4.5 | 0.001 0.1 0.1 Vv 
5.5 | 0.001 0.1 0.1 
*Vin = Vitor Vin 
3.0 0.36 0.44 12mA 
: : 0.36 0.44 lo 24mA 
0.36 0.44 24mA 
Maximum Input Vi = Voc, GND 
Leakage Current 








DC Characteristics for ’AC Family Devices (Continued) 


mano | sang | 74a 


°C Ta r Ta r, 
Parameter a REL TBS ee ey to +125°C | —40°C to +85°C Conditions 


| ss GuaranteedLimits si Limits 


Minimum Dynamic 
Output Current 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note :),y and Ico @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C, 


AC Electrical Characteristics 


FP a “ Ta = —55°C 
Parameter ss ys a 2 als to + 125°C 
Eee CL = 50 pF - 
Min Typ Max | Min = Max | Min Max 


Propagation Delay 2.0 6.0 8.5 1.0 11.0 1.5 
1.5 5.0 7.0 1.0 8.5 1.0 
Propagation Delay 1.5 5.0 7.0 1.0 10.5 1.0 
1.5 4.0 6.0 1.0 7.0 1.0 © 
*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 
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54AC/74AC32 @ 54ACT/74ACT32 
Quad 2-Input OR Gate 


General Description _ Features 


The ’AC/’ACT32 contains four, 2-input OR gates. m Outputs source/sink 24 mA 
m 'ACT32 has TTL-compatible inputs 
The information for the ’ACT32 Is Advanced Information only. 


Ordering Code: see Sections 
Logic Symbol Connection Diagrams | 


Pin Assignment Pin Assignment 
IEEE/IEC _ for DIP, Flatpak and SOIC for LCC 
B, NC Ay NC Op 


TL/F/9919-3 & 
TL/E/9919~1 AS NEON ED 


TL/F/9919-2 


Description 


Inputs 
Outputs 
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Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the Natlonal Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (Ijx) 
Vv, = —0.5V 
Vi = Voc + 0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (Io) 
Vo = —0.5V 
Vo = Vcc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Voc or Ground Current 
per Output Pin (Icc or Ianp) +50 mA 
Storage Temperature (TsTq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20mA 
+20mA 


—0.5V to Voc + 0.5V 
—20mA 
+20 mA 

—0.5V to to Voc + 0.5V 


+50mA 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
"AC 


2.0V to 6.0V 
‘ACT 4.5V to 5.5V 


Input Voltage (Vj) OV to Voc 
Output Voltage (Vo) OV to Vcc 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 
CDIP 175°C 
PDIP 140°C 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Vcc 
Voc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 
VIN from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Voc @ 4.5V 10 ns/V 
Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


—40°C to + 85°C 
—55°C to + 125°C 


150 ns/V 
40 ns/V 
25ns/V 


DC Characteristics for "AC Family Devices 


mac | s4ac, | 74a 


Symbol Parameter 


Vin Minimum High Level 
Input Voltage 


VIL Maximum Low Level 
Input Voltage 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 


Voc 6 Ta = Ta = 
eed —55°C to + 125°C | —40°C to + 85°C 


Guaranteed Limits 


Conditions 


VouT = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Voc — 0.1V 


lout = —50 pA 


*Vin = Vitor Vin 
—12mA 
lou —24mA 
—24mA 


lout = 50 pA 


*Vin = Vitor Vin 
12mA 
lot 24mA 
24mA 


Maximum Input Vi = Voc, GND 
Leakage Current 





DC Characteristics for "AC Family Devices ee 


Parameter Feelin Ta = +25°C eee ie eee “4 a “a +e5°C Conditions 


| —sGuaranteedLimits = Limits 


Minimum Dynamic +} ++ 2 mA_| Voup = 1.65V Max 


Output Current VoHD = 3.85V Min 


Maximum a 40 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: li, and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


AC Electrical Characteristics 


Ta = —55°C 
to + 125°C 
C_ = 50 pF 


Propagation Delay : 1.0 
. 1.0 

Propagation Delay 5 : : 1.0 
he : ‘ 1.0 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


Ta = +25°C 


Parameter C. = 50 pF 


Capacitance 


Power Dissipation Voc = 5.0V 
Capacitance 





4-32 


National © 
Semiconductor 


54AC/74AC74 ¢ 54ACT/74ACT74 
Dual D-Type Positive Edge-Triggered Flip-Flop 


General Description 


The 'AC/’ACT74 is a dual D-type flip-flop with Asynchro- 
nous Clear and Set inputs and complementary (Q, Q) out- 
puts. Information at the input is transferred to the outputs on 
the positive edge of the clock pulse. Clock triggering occurs 
at a voltage level of the clock pulse and is not directly relat- 
ed to the transition time of the positive-going pulse. After 
the Clock Pulse input threshold voltage has been passed, 
the Data input is locked out and information present will not 
be transferred to the outputs until the next rising edge of the 
Clock Pulse input. 


Ordering Code: see Section 5 


Logic Symbols 


TL/F/9920-1 TL/F/9920-2 


IEEE/IEC 


TL/F/9920~3 


Description 


Dy, Do Data Inputs 

CP 1, CPo Clock Pulse Inputs 
Cp1, Cp2 Direct Clear Inputs 
Sp1, Sp2 Direct Set Inputs 
Q;, Q4, Qo, Qe Outputs 


Asynchronous Inputs: 
LOW input to Sp (Set) sets Q to HIGH level 
LOW input to Cp (Clear) sets Q to LOW level 
Clear and Set are independent of clock 
Simultaneous LOW on Cp and Sp makes both Q and Q 
HIGH 


Features 
m@ Output source/sink 24 mA 


m ’ACT74 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


TL/F/9920-4 
Pin Assignment for LCC 


Qy NC Sp, NC CP, 
(8) 2) (6 (5) (4) 


TL/F/9920-5 
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Truth Table (Each Half) 


<x<rmiwx_«K «* xX 


HIGH Voltage Level 
LOW Voltage Level 
= Immaterial 
~ = LOW-to-HIGH Clock Transition 
Qo(Qo) = Previous Q(Q) before LOW-to-HIGH Transition of Clock 


Logic Diagram 


Sp 


TL/F/9920-6 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (note 1) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 2.0V to 6.0V 


Supply Voltage (Vcc) —0.5V to +7.0V "ACT 4.5V to 5.5V 
DC Input Diode Current (Ij) Input Voltage (V)) OV to Vcc 
Vive sew Rie Output Voltage (Vo) OV to Voc 


Vi = Voc + 0.5V +20 mA 0 fina 7. seers 
_ perating Temperature (Ta, 
DC Input Voltage (V)) 0.5V to Vcc + 0.5V 74AC/ACT ~40°C to +85°C 


DC Output Diode Current (Io) 54AC/ACT —55°C to + 125°C 


Vo = —0.5V —20mA F 
= Junction Temperature (Ty) 
Vo = Voc + 0.5V +20 mA CDIP 175°C 


DC Output Voltage (Vo) —0.5V to to Voc + 0.5V PDIP 140°C 
DC Output Source Input Rise and Fall Time (t,, ty) 
or Sink Current (Io) +50 mA (Note 2) (Typical) 
DC Vcc or Ground Current (Except Schmitt Inputs) ‘AC Devices 
per Output Pin (Icc¢ or Iqnp) +50 mA Vin from 30% to 70% of Vcc 
Storage Temperature (Tstaq) —65°C to + 150°C Voc @ 3.0V 150 ns/V 


Note 1: Absolute maximum ratings are those values beyond which damage Vcc @ 4.5V 40 ns/V 
to the device may occur. The databook specifications should be met, without Voc @ 5.5V 25 ns/V 
exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (t,, ty) 
temperature, and output/input loading variables. National does not recom- Note 2) (T ical) 
mend operation of FACT™ circuits outside databook specifications. _ is i it | ts) ACT Device 

xcept ocnmit inputS evices 


Vin from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Voc @ 4.5V 10 ns/V 
Vcc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


DC Characteristics for ’AC Family Devices 


mac | aac | 74AC 


Vcc a ‘ Ta= Ta = 
Symbol Parameter (v) Ta = +25°C 55°C to + 125°C | —40°C to +85°C Conditions 
| typ | 


Guaranteed Limits 


Supply Voltage (Vcc) 
‘AC 


ViH Minimum High Level : 2.1 2.1 2.1 Vout = 0.1V 
Input Voltage . : 3.15 3.15 3.15 orVcc — 0.1V 
3.85 3.85 3.85 


VIL Maximum Low Level : 0.9 0.9 VouT = 0.1V 
Input Voltage : 1.35 1.35 or Vcc — 0.1V 
1.65 1.65 


Minimum High Level | 3.0 . 2.9 2.9 2.9 louT = —50 pA 
Output Voltage : : 4.4 ; 4.4 
5.4 E 5.4 


*Vin = Vitor Vin 

—12mA 

lou —-24mA 

4.86 fs —24mA 


Maximum Low Level | 3.0 E 0.1 : : louT = 50 pA 
Output Voltage : k 0.1 
0.1 


*Vin = Vit or Vin 
12mA 
lot 24 mA 
24mA 


5.5 
Maximum Input 
Leakage Current 





74 


DC Characteristics for AC Family Devices (continued 


mac | saa | 7400 


= +25°C Ta= A Ta a 
—55°C to + 125°C | —40°C to + 85°C 
Guaranteed Limits 
{Minimum Dynamic | 5.6 | | | 5 







Parameter 


rh 


*All outputs loaded; thresholds on input associated with output under test. 
+Maximum test duration 2.0 ms, one output loaded at a time. 


Note: lix, and icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Ta = 
Ta 28 See Seale ee a +125°C | —40°C to +85°C 


| Typ | | = GuaranteedLimits = Limits 
Minimum High Level | 4.5 1.5 Vv 
Input Voltage 5.5 1.5 
Vit Maximum Low Level | 4.5 1.5 0.8 0.8 0.8 
Input Voltage 5.5 1.5 0.8 0.8 0.8 


Symbol Parameter 





VoH Minimum High Level 4.49 4.4 
Output Voltage ce 5.49 5 , =D 5.4 
4.5 3.86 3.70 3.76 V 
5.5 4.86 4.70 4.76 
VoL Maximum Low Level . hen Ra 001 Be ae hr ee 
Output Voltage Ra 001 
4.5 0.36 0.50 0.44 
5.5 0.36 0.50 on 44 
lin Maximum Input +0.1 
Leakage Current 
loct Maximum 
Ioc/Input 
lotp__| Minimum Dynamic 3 


Maximum Quiescent 
Supply Current POSTS Se 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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Maximum Quiescent 
Supply Current 





Conditions 





VoLp = 1.65V Max 


Conditions 


Vout = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


louT = —50 pA 


*Vin = Vitor Vin 


_—24mA 
OH —24mA 
oy [en = 50 pA 


BR is = ViLor Vin 


I 24mA 
aie 24 mA 
a | = Vcc, GND 
hs = Vcc — 2.1V 


VoLp = 1.65V Max 
VoHb = 3.85V Min 


Vin = Voc 
or GND 






AC Electrical Characteristics 


7 Ta = —55°C Ta = —40°C 
Parameter Ta= iietapre to + 125°C to +85°C 
Min | min Typ Max _—| 


Maximum Clock 100 125 

Frequency 140 160 

Propagation Delay 5.0 8.0 ie . : 
Con or Spn to Qn or Qn 3.5 6.0 9.0 0 9.5 
Propagation Delay 4.0 10.5 12.0 1.0 ; 
Cpn Or Spn to Qn or On 3.0 8.0 9.5 1.0 10.5 
Propagation Delay 4.5 8.0 13.5 17.5 
CP, to Q, or Q, 3.5 6.0 10.0 i 12.0 
Propagation Delay 3.5 8.0 14.0 13.5 
CPp to Qn or Qn 2.5 6.0 10.0 |. 


*Voltage Range 3.3 is 3.3V + 0.3V 
Voltage Range 5.0 is 5.0V + 0.5V 


AC Operating Requirements 


ne a paces to + 125°C to +85°C 
Eee C.=50pF | C, = 50pF 


Guaranteed Minimum 


Parameter 


Set-up Time, HIGH or LOW — 5 4.0 5.0 4.5 
Dp, to CP, 1.0 3.0 4.0 3.0 
Hold Time, HIGH or LOW -2.0 
Dp, to CP, —1.5 
CP, or Cyn or Spn 5.5 7.0 
Pulse Width 4.5 5.0 
Recovery Time 
Con or Spn to CP 

*Voltage Range 3.3 is 3.3V +0.3V 

Voltage Range 5.0 is 5.0V +0.5V 
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AC Electrical Characteristics 


Ta = +25°C - 


Parameter oe = 50 pF 


to + 125°C to + 85°C 


Propagation Delay 
Con or Son to Qn or Qn 


Propagation Delay 
Con or Spn to Q, or Q, 
Propagation Delay 
CP, to Qn or Qn 
Propagation Delay 
CP, to Qp or Qn, 
*Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


74ACT 54ACT 74ACT 
Voc" 
Parameter 
(V) 


. Ta = —55°C | Ta = —40°C 
Ta Fee to +125°C to +85°C 
— = 50 pF c= 


Set-up Time, HIGH or LOW 
Dy to CP, 


Hold Time, HIGH or LOW 
Dn to CP, 


CP, or Cyn or Spn 70 
Pulse Width : 
Recovery Time - 

Cpn or Spr to CP 


*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


Input | Input Capacitance | Voc = 5.0V | = 5.0V 


Power Dissipation Voc = 5.0V 
Capacitance 
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54AC/74AC85 @ 54ACT/74ACT85 
4-Bit Magnitude Comparator 


General Description Features 


The ’AC/’ACT85S is a high speed, expandable 4-bit magni- ™ Easily expandable 

tude comparator which compares two 4-bit words in any =™@ Binary or BCD comparison 

monotonic code (binary, BCD or other) and generates three mA > B,A <B,A = B output available 
outputs: A less than B, A greater than B, and A equal to B. = *ACT85 has TTL-compatible inputs 
Three expansion inputs allow serial (ripple) expansion over 

any word length without external gates. 


Logic Symbol Connection Diagram 


Pin Assignment 
for DIP and SOIC 


TL/F/9921-2 


aon nner wan = 


TL/F/9921—1 


Description 


Ao-A3 Word A Inputs 

Bo-B3 Word B Inputs 

lA=B A = B Expansion Input 

la <B,la > B A <B,A > B Expansion Inputs 
Oa, >B A Greater Than B Output 

Oa <B A Less Than B Output 

Oa =B A Equal B Output 
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54AC/74AC86 
Quad 2-Input Exclusive-OR Gate 


General Description Features 
The AC/ACT 86 contains four, 2-input exclusive-OR gates. | ™ Outputs source/sink 24 mA 


Ordering Code: see Sections 


Logic Symbol Connection Diagrams 


1EEE/IEC Pin Assignment Pin Assignment 
for DIP, Flatpak and SOIC for LCC 
B, NC Ay NC Op 
BOO 


TL/F/9909-3 fe 
TL/F/9909-2 
Az NC 02 NC By 


TL/F/9909-1 


Description 


Ao-A3 Inputs 
Bo-B3 Inputs 
Oo-O3 Outputs 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (I) 
V,; = 0.5V 
Vi = Voc +0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (lox) 
Vo = —0.5V 
Vo = Vcc +0.5V 
DC Output Voltage (Vo) 
DC Output Source or Sink Current (Io) 


DC Vcc or Ground Current 
Per Output Pin (Ic¢ or Ignp) +50 mA 


Storage Temperature (Tstg) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. Nationa! does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20mA 
+20mA 


—0.5V to Voc +0.5V 


—20 mA 
+20 mA 
—0.5V to Voc +0.5V 
£50 mA 


Recommended Operating 


Conditions 


Supply Voltage (Vcc) 
4.5V to 5.5V 


OV to Vcc 
OV toVcc 


"ACT 
Input Voltage (V)) 
Output Voltage (Vo) 
Operating Temperature (Ta) 


74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 


CDIP 
CDIP 


Input Rise and Fall Time (t,, ts) 
(Note 2) (Typical) 
(Except Schmitt Inputs) ‘AC Devices 
Vin from 30% to 70% of Voc 
Voc @ 3.0V 
Voc @ 4.5V 
Vcc @ 5.5V 


Input Rise and Fall Time (t,, t, 
(Note 2) (Typical) 
(Except Schmitt Inputs) ‘ACT Devices 
Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Voc @ 4.5V 10 ns/V 
Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input and fall times noted here. 


—40°C to + 85°C 
— 55°C to + 125°C 


175°C 
140°C 


150 ns/V 
40 ns/V 
25 ns/V 


DC Characteristics for ’AC Family Devices 


74AC 5 oe eam 


| ss GuaranteedLimits [awe are 


Vcc 
(V) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 


“All outputs loaded; thresholds on input associated with output under test. 
tTMaximum test duration 20 ms, one output loaded at a time. 
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74AC 


Conditions 


Vout = 0.1V 
or Vcc — 9.1V 


Vout = 0.1V 
or Voc — 0.1V 


*Vin = Vit or Vin 
—12mA 
—24mA 
—24mA 


loH 


louT = 50 pA 


*Vin = Vitor Vin 
12mA 
24mA 
24mA 


low 








DC Characteristics for "AC Family Devices (Continued) 


74AC ——ts__|_tase 74AC 
Parameter ae ee = +425°C | — jee a +85°C Conditions 
[ == GuaranteedLimits Limits 


Maximum Input = 

Leakage Current Vi = Voc, GND 

Maximum TRI-STATE® V; (OE) = Vit, Vin 
Vo = Vcc, GND 


TMinimum Dynamic Pali = 1.65V Max 
Output Current | mA | Voup = 3.85V Min 


Maximum Quiescent 40 
Supply Current 


“All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 20 ms, one output loaded at a time. 

Note: lj, and Iog @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


AC Electrical Characteristics: See Section 2 


Ta = —55°C Ta = —40°C 
* — , 
Parameter S is . = a to + 125°C to + 85°C 
bee C. = 50 pF = 
Min Typ Max | Min Max | Min Max | 


Propagation Delay ri ye 11.5 1.0 : 1.5 
Inputs to Outputs 85 1.0 f 1.0 


Propagation Delay 11.5 1.0 14. 1.5 
Inputs to Outputs 8.5 1.0 : 1.0 


*Voltage Range 3.3V is 3.3V +0.3V 
Voltage Range 5.0V is 5.0V +0.5V 


Capacitance 


| inputCapacitance si Capacitance | pF | Voc = 5.0V | = 5.0V 


Power Dissipation Capacitance ee Voc = 5.0V 
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94AC/74AC 109 © 54ACT/74ACT 109 
Dual JK Positive Edge-Triggered Flip-Flop 


General Description 

The 'AC/’ACT109 consists of two high-speed completely Clear and Set are independent of clock 

independent transition clocked JK flip-flops. The clocking Simultaneous LOW on Cp and Sp makes both Q and Q 
operation is independent of rise and fall times of the clock HIGH 

waveform. The JK design allows operation as a D flip-flop 

(refer to ’AC/’ACT74 data sheet) by connecting the J and K Features 


INPUTS NOBEINEE. m@ Outputs source/sink 24 mA 


Asynchronous Inputs: m 'ACT109 has TTL-compatible inputs 
LOW input to Sp (Set) sets Q to HIGH level 


LOW input to Cp (Clear) sets Q to LOW level 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


TL/F/9923-1 TL/F/9923-2 


IEEE/IEC 


TL/F/9923-3 


Pin Assignment 
for LCC 


Q Spy NC CPy Ky 
Bmw) 


TL/F/9923-7 


Description CACC 
E mleheheln 


J4, Jo, Ky, Ko Data Inputs Sp Po NC Ko Jo 
CPy, CP Clock Pulse Inputs TL/F/9923-4 


Cp1, Cpa Direct Clear Inputs 
Sp1: Spe Direct Set Inputs 
Q1,Q2,Q;,Q2 | Outputs 
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Truth Table cach half) 


Lele Le Le 
es a Ca a 
~-\\\\ xxx 
<xrieierK «Kx 
<TDioie-r-KK x 


= HIGH Voltage Level 
= LOW Voltage Level 

—/ = LOW-to-HIGH Transition 

X = Immaterial 

Qo(Qo) = Previous Qo(Qp) before LOW-to-HIGH Transition of Clock 


H 
L 


Logic Diagram cone halt shown) 


TL/F/9923-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallability and specifications. 
Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (jx) 
Vv, = —0.5V —20mA 
Vj = E +20mA 
DC Input Voltage (V;) —0.5V to Vcc + 0.5V 
DC Output Diode Current (I¢K) 
Vo = —0.5V 
Vo = Voc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Vcc or Ground Current 
per Output Pin (I¢c or Iqnp) +50 mA 
Storage Temperature (Tsta) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. Nationa! does not recom- 
mend operation of FACT circuits outside databook specifications. 


—20mA 
+20 mA 


—0.5V to to Voc + 0.5V 


+50 mA 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
‘AC 
‘ACT 
Input Voitage (V)) 
Output Voltage (Vo) 
Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 
Junction Temperature (Ty) 
CDIP 
PDIP 
Input Rise and Fall Time (t,, ts) 
(Note 2) (Typical) 


(Except Schmitt Inputs) ’AC Devices 


Vin from 30% to 70% of Voc 
Voc @ 3.0V 
Vcc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t,, tp) 
(Note 2) (Typical) 


(Except Schmitt Inputs) "ACT Devices 


VIN from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 

Voc @ 4.5V 

Voc @ 5.5V 


2.0V to 6.0V 
4.5V to 5.5V 


OV to Vcc 
OV toVcc 


—40°C to +85°C 
—55°C to + 125°C 


175°C 
140°C 


150 ns/V 
40 ns/V 
25 ns/V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 


typical input rise and fall times noted here. 


DC Characteristics for AC Family Devices 


74AC 


Symbol Parameter Ta = +25°C 


Vin Minimum High Level 
Input Voitage 


ViL Maximum Low Level 
Input Voltage 


Minimum High Level! 
Output Voltage 


Maximum Low Level 
Output Voltage 


5.5 
Maximum Input 
Leakage Current 


74AC 


Ta = 


Ta = 
~55°C to + 125°C | —40°C to +85°C Units Conditions 


Guaranteed Limits 


VouT = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Voc — 0.1V 


lour = —50 pA 


"Vin = Vit or Vin 
—12mA 
IOH —24mA 
—24mA 


lout = 50 pA 


*Vin = Vicor Vin 
12mA 
lot 24mA 
24mA 


Vi = Voc, GND 
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DC Characteristics for ‘AC Family Devices (continued) 


mac | s4ac | 74AC 


Vec Ta = Ta = 
= °C j 
Parameter (v) Ta = +25°C Sikes eee ee to +125°C | —40°C to +85°C Conditions 


Typ | Guaranteed | = Guaranteed Limits = 


+ Minimum Dynamic SN ee Vouo = 1.65V Max 


Output Current mA | Vonp = 3.85V Min 


Maximum m1 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: iy and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Vec Ta = 
0, : I 
Symbol Parameter (V) Ta = +25 Cc ~ — Lien Hee seer ie, 125°C ee ‘ 85°C Conditions 


| Typ | | =. GuaranteedLimits Limits 
Minimum High Level | 4.5 1.5 Vout = 0.1V 
Input Voltage 5.5 1.5 or Vcc — 0.1V 
Vit Maximum Low Level 0.8 0.8 0.8 Vout = 0.1V 
Input Voltage 0. ca 0. _—a 0.8 or Vcc — 0.1V 
Minimum High Level 4, ee 4.4 lout = —50 pA 
Output Voltage ee 49 5.4 
*Vin = ViLor Vin 
4.5 3.86 3.70 3.76 —24mA 
5.5 4.86 4.70 4.76 A —24mA 
Maximum Low “i e 0. Bal 0.1 0.1 0.1 jv [ear = 50 pA 
Output Voltage ee 001 0.1 0.1 0.1 
EO bs = Vitor Vin 
0.36 . 0.44 aa le 24mA 
0.36 0.44 OL 24mA 
lin Maximum Input _ 
ieakageCurrant +0.1 +1.0 +1.0 pA | Vi = Voc, GND 
loct Maximum Vi = Voc — 2.1V 
Ioc/Input 


lop tMinimum Dynamic m8 [aw = 1.65V Max 
Output Current | mA | Voup = 3.85V Min 


Maximum wn Vin = Voc 
Supply Current or GND 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Ico for 54ACT @ 25°C is identical to 74ACT @ 25°C. 





of 
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AC Electrical Characteristics 


74AC | sac | 74a 
Parameter 


Ta = —55°C Ta = —40°C 
to + 125°C to + 85°C 
ea = 50 pF en See = 50 pF 


Min Typ 
Maximum Clock 125 150 —tin__Mex 
Frequency 150 175 125 
Propagation Delay 4.0 8.0 13.5 17.5 16.0 
CP, to Q, or OQ, 2.5 6.0 10.0 i 12.0 10.5 
Propagation Delay a 8.0 14.0 1.0 13.5 3.0 14.5 
CP, to Q, or Qn 6.0 10.0 1.0 10.0 1.5 10.5 
Propagation Delay 4 : 12.0 1.0 13.0 . : 13.0 
Con or Son to Qn or Qn 9.0 1.0 9.5 10. 0 


Propagation Delay 3.0 10.0 12.0 1.0 14.0 3.0 13.5 
Cpn or Spp to Qy or Op, 2.0 7.5 9.5 1.0 10.5 2.0 10.5 


*Voltage Range 3.3 is 3.3V +0.3V 


Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


. Ta = —55°C 
Parameter Ta= ga eudes to + 125°C 
| Typ | Guaranteed Minimum 


Setup Time, HIGH or LOW 
Jn or Ky to CP, 


Hold Time, HIGH or LOW 
Jn or Ky to CP, 

Pulse Width 

Con or Spn 

Recovery Time 

Cpn or Spn to CP, 


*Voltage Range 3.3 is 3.3V £0.3V 
Voltage Range 5.0 is 5.0V +0.5V 
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AC Electrical Characteristics 


: _ Ta = —40°C 
Parameter - to + 85°C 


Maximum Clock 
Frequency 


Propagation Delay 
CP, to Qn or Qn 
Propagation Delay 
CP, to Qy or Qy 
Propagation Delay 
Cpn or Spn to Qn or Qn 
Propagation Delay 
Cpn or Spn to Qn or Gp 
*Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


Ta = —55°C Ta = —40°C 
Ta = +25°C ¥ ‘ 
Parameter C,, = 50 pF a + 125°C = +85°C 
. Guaranteed Minimum 


Setup Time, HIGH or LOW 
Jn or Ky, to CP, 
Hold Time, HIGH or LOW 


Jn or Ky to CP, 


Pulse Width 
CP, or Con or Spn 


Recovery Time 
Con or Spn to CP, 
*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


a Input Capacitance | Veg = 5.0V | = 5.0V 


Power Dissipation Voc = 5.0V 
Capacitance 
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54AC/74AC112 ¢ 54ACT/74ACT112 
Dual JK Negative Edge-Triggered Flip-Flop 


General Description 


The ’AC/’ACT112 contain two independent, high-speed JK 
flip-flops with Direct Set and Clear inputs. Synchronous 
state changes are initiated by the falling edge of the clock. 
Triggering occurs at a voltage level of the clock and is not 
directly related to the transition time. The J and K inputs can 
change when the clock is in either state without affecting 
the flip-flop, provided that they are in the desired state dur- 
ing the recommended setup and hold times relative to the 
falling edge of the clock. A LOW signal on Sp or Gp pre- 
vents clocking and forces Q or Q HIGH, respectively. Simul- 
taneous LOW signals on Sp and Cp force both Q and Q 
HIGH. 


Logic Symbols 


TL/F/9924-1 TL/F/9924-2 


IEEE/IEC 


TL/F/9924-4 


Description 


J4, Ja, Ky, Ko Data Inputs 

CPy, CP. Clock Pulse Inputs (Active Falling Edge) 
Cp, Direct Clear Inputs (Active LOW) 

Direct Set Inputs (Active LOW) 

Outputs 


Cpr, Cp2 
Sp1.Sp2 
Q4, Qe, Qy, Qe 





Asynchronous Inputs: 


LOW input to Sp sets Q to HIGH level 

LOW input to Cp sets Q to LOW level 

Clear and Set are independent of clock 

Simultaneous LOW on Cp and Sp makes both Q and Q 
HIGH 


Features 
g ’ACT112 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9924~3 


Pin Assigment 
for LCC 


Q, Q NC Spy 
BOwAh4 


TL/F/9924-5 
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54AC/74AC138 © 54ACT/74ACT 138 


1-of-8 Decoder/Demultiplex 


General Description 


The ’AC/’ACT138 is a high-speed 1-of-8 decoder/demulti- 
plexer. This device is ideally suited for high-speed bipolar 
memory chip select address decoding. The multiple input 
enables allow parallel expansion to a 1-of-24 decoder using 
just three ’AC/’ACT138 devices or a 1-of-32 decoder using 
four ’AC/’ACT138 devices and one inverter. 


Ordering Code: see sections 
















er 


Features 

m Demultiplexing capability 

@ Multiple input enable for easy expansion 
@ Active LOW mutually exclusive outputs 
m Outputs source/sink 24 mA 

@ ’ACT138 has TTL-compatible inputs 


Logic Symbol Connection Diagrams 
Pin Assignment Pin Assignment 
a Cor for DIP, Flatpak and SOIC for LCC 
ie a Ex E, NC E, Ay 
Eo 1 Bw 
2 
NC [i] Cnc 
TL/F/9925~-1 5 05 12] Veo 
6 = . 
0 0 
IEEE/IEC 7 5 fa ? 
BIN/OCT " 5 8 
Ap iy 0, 3 NC 5, 0, 
r L 0, TL/F/9925-2 Dieses 
| 2 09 - 
M2 3 03 
4 04 
E3 5 Os, 
: u 6 06 
Ey ‘ 3, 





Address Inputs 


Enable Inputs 
Enable Input 
Outputs 
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Functional Description 


The ’AC/’ACT138 high-speed 1-of-8 decoder/demultiplexer 
accepts three binary weighted inputs (Ap, Ay, A2) and, when 
enabled, provides eight mutually exclusive active-LOW out- 
puts (Op-07). The ‘AC/’ACT138 features three Enable in- 
puts, two active-LOW (E;, Eo) and one active-HIGH (E3). All 
outputs will be HIGH unless E; and Eo are LOW and Ez is 
HIGH. This multiple enable function allows easy parallel ex- 
pansion of the device to a 1-of-32 (5 lines to 32 lines) 


Truth Table 


decoder with just four ’AC/’ACT138 devices and one invert- 
er (see Figure 1). The ’AC/’ACT138 can be used as an 8- 
output demultiplexer by using one of the active LOW Enable 
inputs as the data input and the other Enable inputs as 
strobes. The Enable inputs which are not used must be per- 
manently tied to their appropriate active-HIGH or active- 
LOW state. 


H X 
X X 
Xx L 


Es | Ee | Es | Ao | 
X 
X 
X 
L 
H 
L 
H 
L 
H 
L 
H 


Det a 


ea gen Coa Oe crcoeoe mmo |B 
xrrtirs Ir = z2z(9! 
ee oT x zx z\(9! 
mritmier de zzz(9| 
Er ee Sea zx x|9! 


eee | ee eee z=z(9' 
co] 
~ 


[fo Irtist irs 


rIrrtrlt 


HIGH Voltage Level 
LOW Voltage Level 
Immaterial 
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Logic Diagram 


Lan 


fetes in 
S 


TL/F/9925~4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 





eS-v 





000000 0 C 


FIGU2E 1. Expansion to 1-of-32 Decoding 





0) 0; 02 03 04 05 Og 07 
yOoqq onaqgo d Qd 
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Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (Ij) 
Vv, = —0.5V 
= Voc + 0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (lox) 
Vo = —0.5V 
Vo = Vcc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Vcc or Ground Current 
per Output Pin (Icc or Ignp) +50 mA 
Storage Temperature (Tstq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


+20 mA 
—0.5V to Voc + 0.5V 


—20mA 
+20 mA 
—0.5V to to Voc + 0.5V 


+50 mA 


—20 mA: 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
‘AC 


2.0V to 6.0V 
"ACT 4.5V to 5.5V 


Input Voltage (Vj) OV to Vcc 
Output Voltage (Vo) OV to Vcc 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) — 
CDIP 175°C 
PDIP 140°C 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 
Vcc @ 3.0V 
Vec @ 4.5V 
Vcc @ 5.5V 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 
VIN from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Voc @ 4.5V 10 ns/V 
Voc @ 5.5V 8 ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


—40°C to + 85°C 
—55°C to + 125°C 


150 ns/V 
40 ns/V 
25 ns/V 


DC Characteristics for "AC Family Devices 


74Ac Me 74aC 


Symbol! Parameter he Ta = +25°C 


Typ 


Vin Minimum High Level 1.5 2.1 
Input Voltage 2.25 3.15 
3.85 


ViL Maximum Low Level 
Input Voltage . 
5.5 


Minimum High Level | 3.0 : 2.9 
Output Voltage 4.5 : 4.4 
5.5 : 5.4 





3.0 2.56 
45 3.86 
5.5 4.86 


Maximum Low Level 0.002 0.1 
Output Voltage 0.001 0.1 
0.001 0.1 


0.36 
0.36 
0.36 


Maximum Input V = Veo, GND 
Leakage Current pss] facr] vo | eto | a | 


Ta= 
ee . +125°C | —40°C to + 85°C 


Guaranteed Limits 





Conditions 


2.1 Vout = 0.1V 
3.15 or Voc — 0.1V 
3.85 


Vout = 0.1V 
or Vcc — 0.1V 


louT = —50 pA 


"Vin = Vit or Vin 
—12mA 
lou —24mA 
—24mA 


louT = 50 pA 


"Vin = Vit or Vin 
12 mA 
lo 24mA 
24mA 





DC Characteristics for AC Family Devices (continued) 


vac | aac | 74a 


2 Ta = Ta = 
aa ae to +125°C | —40°C to + 85°C 


| —sGuaranteedLimits si Limits 


Parameter 


tMinimum oo 75 


Maximum Quiescent 
Supply Current so4 STS baat _—e 


“All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: li, and Ico @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vcc. 
loc tor 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


= °C Ta= Ta = 


| Typ | | == GuaranteedLimits si Limits 
Minimum High Level 1.5 Vv 
Input Voltage 1.5 
VIL Maximum Low Level 1.5 0.8 0.8 0.8 
Input Voltage 1.5 re 8 a 8 aa 8 
Minimum High Level 4. By 
Output Voltage By 49 


3.86 3.70 3.76 
4.86 4.70 4.76 
: hee Pa 001} 0.1 0.1 0.1 
0. Pa 0.1 0.1 0.1 
0.36 0.50 0.44 
Be 36 oe 50 —- 44 
Maximum Input 
eee Current 


loc/Input 


Maximum Quiescent 
Supply Current jes] feo es ae 


*All outputs loaded; thresholds on input associated with output under test. 
{Maximum test duration 2.0 ms, one output loaded at a time. 
Note: Ico for 54ACT @ 25°C is identical to 74ACT @ 25°C. 


Vcc 
(V) 


Symbol Parameter 


Maximum Low Level 
Outeut Voltage 
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Conditions 


VoLp = 1.65V Max 
VouHp = 3.85V Min 


Conditions 


Vout = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


py [lor = —50 pA 


Eels = VIL Or Vin 
—24mA 


loH —24mA 


louT = 50 pA 
“VIN = Vit or Vin 


24mA 
OL 24mA 
Eat = Vcc, GND 


Vi = Veco — 2.1V 


re = 1.65V Max 
| mA | Voxp = 3.85V Min 


Vin = Voc 
or GND 
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AC Electrical Characteristics 


74AC eee ae ae 
Vcc* 
Parameter 
(V) 


Ta = +25°C 
se = 50 pF 


Propagation mallet 8.5 wee ta 0 1.0 
An to On 6.5 9.5 1.0 : i : 


Propagation ale 8.0 12.5 1.0 : 1.5 
An to On 6.0 9.0 1.0 : 1.5 


Propagation n Delay 11.0 15.0 1.0 : 1.5 
E, or Es to Op, 8.0 11.0 1.0 i 1.5 


Propagation Delay 9.5 13.5 1.0 
E; or Eo to 0, 5 7.0 9.5 1.0 


Propagation Delay - 11.0 155 |. 1.0 . 1.5 
E3 to On, 8.0 11.0 1.0 : 1.5 
Propagation Delay 13.0 1.0 : 1.5 
E3 to O, : ; 8.0 1.0 : 1.0 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 





AC Electrical Characteristics 


_ “ Ta = —55°C 
Parameter i Ta™ +25°C to + 125°C 


Propagation Delay 
An to Opn 


Propagation Delay 
An to On 


Propagation Delay 
E; or Eat to On 


Propagation Delay 
E3 to On 


Propagation Delay 


*Voltage Range 5.0 is 5.0V +0.5V 


wapacitance 


Input a | Vcc =5.0V | = 5.0V 


; pF 
Capacitance 
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National 
Semiconductor 


54AC/74AC139 © 54ACT/74ACT139 
Dual 1-of-4 Decoder/Demultiplexer 


General Description 


The ’AC/’ACT139 is a high-speed, dual 1-of-4 decoder/de- 
multiplexer. The device has two independent decoders, 
each accepting two inputs and providing four mutually-ex- 
clusive active-LOW outputs. Each decoder has an active- 
LOW Enable input which can be used as a data input for a 
4-output demultiplexer. Each half of the ’AC/’ACT139 can 
be used as a function generator providing all four minterms 
of two variables. 


Ordering Code: see Section 5 
Logic Symbols 


IEEE/IEC 


Ag AY 


DECODER a 


TL/F/9926-8 


DECODER b 


Oy 0; 02 05 


TL/F/9926-1 


Description 


Address Inputs 
Enable Inputs 
Outputs 


Features 

m@ Multifunction capability 

m Two completely independent 1-of-4 decoders 
@ Active LOW mutually exclusive outputs 

m™ Outputs source/sink 24 mA 

m@ 'ACT139 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


1 

2 
3 
4 
5 
6 
7 
8 


TL/F/9926-2 
TL/F/9926-3 


Pin Assignment 
for LCC 


Boone 
O45 Oy NC Ary Aon 


TL/F/9926-4 
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Functional Description 


The ’AC/’ACT139 is a high-speed dual 1-of-4 decoder/de- 
multiplexer. The device has two independent decoders, 
each of which accepts two binary weighted inputs (Ag—A1) 
and provides four mutually exclusive active-LOW outputs 
(Op-O3). Each decoder has an active-LOW. enable (E). 
When E is HIGH all outputs are forced HIGH. The enable 
can be used as the data input for a 4-output demultiplexer 
application. Each half of the ’AC/’ACT139 generates all four 
minterms of two variables. These four minterms are useful 
in some applications, replacing multiple gate functions as 
shown in Figure a, and thereby reducing the number of 
packages required in a logic network. 


E 
Ay 
E 
Ay 
E 
Ay 
E 

03 9 >—9s 
Ay 


; TL/F/9926-6 
FIGURE a. Gate Functions (Each Half) 


Logic Diagram 
E 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


Aon Ate Ep 
O00 Ore O29 Ose Oop Op 025 O3,, 


4-58 


Truth Table 


HIGH Voltage Level 
LOW Voltage Level 
Immaterial! 


Aob Aap 


TL/F/9926-5 
















Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (Ix) 
V,; = —0.5V —20mA 
Vi = Voc + 0.5V +20mA 


DC Input Voltage (V)) 
DC Output Diode Current (Ig) 


~0.5V to Voc + 0.5V 


Vo = —0.5V —20mA 

Vo = Vcc + 0.5V +20mA 
DC Output Voltage (Vo) —0.5V to to Voc + 0.5V 
DC Output Source 

or Sink Current (Io) +50 mA 
DC Vcc or Ground Current 

per Output Pin (Icc or Iqnp) +50 mA 


Storage Temperature (TstaG) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


Recommended Operating 
Conditions 
Supply Voltage (Vcc) 

‘AC 


2.0V to 6.0V 
"ACT 4.5V to 5.5V 
Input Voltage (V)) OV to Vcc 
Output Voltage (Vo) OV to Vcc 
Operating Temperature (Ta) 
74AC/ACT — 40°C to + 85°C 
54AC/ACT — 55°C to + 125°C 
Junction Temperature (Ty) 
CDIP 175°C 
PDIP 140°C 


Input Rise and Fall Time (ty, ts) 
(Note 2) (Typical) 
(Except Schmitt Inputs) AC Devices 
Vin from 30% to 70% of Vcc 


Vcc @ 3.0V 150 ns/V 

Vcc @ 4.5V 40 ns/V 

Voc @ 5.5V 25 ns/V 
Input Rise and Fall Time (ty, t) 

(Note 2) (Typical) 

(Except Schmitt Inputs) "ACT Devices 

Vin from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Vcc @ 4.5V 10 ns/V 

Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


DC Characteristics for ’AC Family Devices 


Parameter Ta = + 
1.5 2.1 
2.25 3.15 


Minimum High Level 
Input Voltage 






Maximum Low Level 
Input Voltage 








Minimum High Level 
Output Voltage 


3.0 0.002 0.1 
4.5 0.001 0.1 
5.5 0.001 0.1 


Maximum Low Level 
Output Voltage 






| mac | aac | 7a 


Vcc 25°C Ta = Ta = 
(V) —55°C to + 125°C | —40°C to + 85°C 


Guaranteed Limits 














Conditions 






2.1 2.1 Vout = 0.1V 
3.15 3.15 V or Vcc — 0.1V 
3.85 3.85 










Vout = 0.1V 
or Vcc — 0.1V 


0.9 0.9 
1.35 1.35 Vv 
1.65 1.65 






2.9 2.9 
4.4 4.4 Vv 
5.4 5.4 

*Vin = Vit or Vin 
2.4 2.46 —12mA 
3.7 3.76 ‘Vo o| log -24mA 
4.7 4.76 —24mA 
0.1 0.1 louT = 50 pA 
0.1 0.1 Vv 







0.1 0.1 


0.44 
0.44 
0.44 












"Vin = Vit or Vin 

12mA 
loL 24mA 
24mA 
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DC Characteristics for AC Family Devices (continue) 


mac | saa 74ac 


Ta = Ta= 


Parameter —55°C to + 125°C | —40°C to +85°C 


(wy Ta = +25°C 


Guaranteed Limits 


Maximum Input Vi = Voc, GND 
: a ait £1 
Leakage Current aero oe 


Maximum Quiescent 160.0 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: ly and loc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vcc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for ACT Family Devices 


74ACT 54ACT 74ACT 


Conditions 


1.65V Max 
3.85V Min 





Vec a °C Ta= Ta = : 
Symbol Parameter (V). 55° Ae eehgie ete ae to +125°C | —40°C to +85°C Conditions 


| —s GuaranteedLimits =| Limits 


Minimum High Level | 4.5 2. V Vout = 0.1V 
Input Voltage 5.5 1.5 or Vcc — 0. 


0.1V 


Vit Maximum Low Level | 4.5 15 0.8 0.8 0.8 Vout = 0.1V 
Input Voltage ree 5 1.5 rn 8 0.8 0.8 or Voc — 0.1V 
Minimum High Level 4. Ee 4.4 4.4 Py [on = —50 pA 
Output Voltage Ee 49 5.4 5.4 


4.5 3.86 
5.5 4.86 





abe = Vit or Vin 
a 3.76 
70 . 4.76 OH —24mA 
Maximum Low Level | 4.5 | 0.001 0.1 0.1 0.1 Vv lout = 50 pA 
Output Voltage 5.5 | 0.001 | 0.1 0.1 0.1 

"VIN = Vitor Vin 

4.5 0.36 0.50 0.44 
5.5 0.36 0.50 0.44 OL 


—24mA 


24mA 
24mA 


lin Maximum Input = 
Leakage Current Vi = Voc, GND 
loct Maximum fa Voc — 2.1V 
loc/Input 


lotp tMinimum Dynamic | mA | Voip = 


lore Output Current 


VOHD = 


1.65V Max 


3.85V Min 


loc Maximum Quiescent Vin = Voc 


Supply Current ; , or GND 
*All outputs loaded; thresholds on input associated with output under test. 
+Maximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics 


74AC | saa | 74a 


Ta = —55°C 
to + 125°C 
cas = 50 pF 


Vcc* 
Parameter 


Propagation me 
Ap to On 
Propagation ml es 
An to On 
Propagation Delay 
E, to On 
Propagation Delay 
E, toO, 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is §.0V +0.5V 


Ta = +25°C 
——— = 50 pF 


10.0 
7.5 


12.0 
8.5 


10.0 
7.6 


AC Electrical Characteristics 


Vcc" = < g 
Parameter 
: : : 


Propagation Delay 
A, to On 


Propagation Delay 
An to On 


Propagation Delay 
E, to Opn 


Ta = +25°C 


C_ = 50 pF 


1.0 


1.0 
1.0 


1.0 


eta 
11.0 


12.5 
10.0 


14.5 
11.0 


12.5 
10.0 


Ta = —55°C 


to + 125°C 


i 


3.5 13.0 
3.0 10.0 


3.0 a 1 . 
2.5 


Ta = —40°C 
to + 85°C 


pepe Delay 
Eto Gh; 
Conditions 


*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


Ball Mee os met 


Ne Cie. | Input Capacitance 


Cpp Power Dissipation 40.0 pF Voc = 5.0V 
Capacitance ; 
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National © 
Semiconductor 


54AC/74AC151 © 54ACT/74ACT 151 


8-Input Multiplexer 


General Description 


The 'AC/’ACT151 is a high-speed 8-input digital multiplexer. 
It provides, in one package, the ability to select one line of 
data from up to eight sources. The ’AC/’ACT151 can be 
used as a universal function generator to generate any logic 
function of four variables. Both true and complementary out- 
puts are provided. 


Ordering Code: see Section 5 


Logic Symbol 


Pin Assignment 
for DIP, Flatpak and SOIC 


TL/F/9927-1 


aon mm OM hm WwW NH 


ean 
oO 
“IO 


NM Qe Ww NY * ON 


TL/F/9927-6 


Description 


Data Inputs 
Select Inputs 


Enable Input 
Data Output 
Inverted Data Output 





Features 


@ Outputs source/sink 24 mA 
@ ’ACT151 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for LCC 


ZZNh Ih 
OAD E 





i) 
Sp 7 NC ig | 
TL/F/9927-2 
TL/F/9927-3 


Truth Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
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Functional Description 
The 'AC/’ACT151 is a logic implementation of a single pole, The 'AC/’ACT151 provides the ability, in one package to 
8-position switch with the switch position controlled by the select from eight sources of data or control information. By 
state of three Select inputs, So, S;, So. Both true and com- proper manipulation of the inputs, the ’AC/’ACT151 can 
plementary outputs are provided. The Enable input (E) is provide any logic function of four variables and its comple- 
active LOW. When it is not activated, the complementary ment. 
output is HIGH and the true output is LOW regardless of all 
other ae The logic function provided at the output is: 
Z= E (Ip ¢SoeS;°S2 + ly eSoeS;eS2 + 

IpeSoeSy °So + Ig So ¢S;4¢So + 

I4eSo eS; ©Sot I5 ®So*S;¢So + 

Ig © Sq © Sy * So + I7 © Sq Sy & So) 


Logic Diagram 


TL/F/9927-4 
Please note that this depen is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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temperature, and output/input loading variables. National does not recom- 


Vec = Ta= ees = 
Symbol Parameter (Vv) —55°C to +125°C | — ees to +85°C 


VIL Maximum Low Level | 3.0 1.5 0.9 0.9 


VoH Minimum High Level 2.99 


VIH Minimum High Level 1.5 2.1 Vout = 0.1V 
Input Voltage me 2.25 3.15 . < orVcc — 0.1V 
5.5 | 2.75 | 3.85 3.85 


Absolute Maximum Rating (note 1) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 


Office/Distributors for availability and specifications. Supply Voltage (Vcc) 


‘AC 2.0V to 6.0V 

Supply Voltage (Vcc) —0.5V to +7.0V "ACT 4.5V to 5.5V 

ee a Current (ly) Input Voltage (V)) OV to Voc 
j= —0. —20mA 

Vi = Voc + 0.5V +20 mA ee Sis sa eV IONGE 

ratini m u 
DC Input Voltage (Vj) —0.5V to Voc + 0.5V oy aes A Sateerns sane 
DC Output Diode Current (lox) 54AC/ACT —55°C to +125°C 

Vo = —0.5V —20mA ‘ 

Vo = Voc + 0.5V +20 mA ee Temperature (Tj) es 
DC Output Voltage (Vo) —0.5V to to Voc + 0.5V PDIP 140°C 
DC Output Source Input Rise and Fall Time (t,, t?) 

or Sink Current (lo) +50 mA (Note 2) (Typical) 

DC Voc or Ground Current (Except Schmitt Inputs) "AC Devices 

per Output Pin (loc or Iqnp) +50 mA Vin from 30% to 70% of Voc 
Storage Temperature (TsTg) —65°C to + 150°C Voc @ 3.0V 150 ns/V 
Note 1: Absolute maximum ratings are those values beyond which damage Voc @ 4.5V , 40 ns/V 
to the device may occur. The databook specifications should be met, without Vcc @ 5.5V 25 ns/V 
exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (t, t) 


(Note 2) (Typical) 

(Except Schmitt Inputs) ‘ACT Devices 

Vin from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Voc @ 4.5V "10 ns/V 
Vcc @ 5.5V 8ns/V 


_ Note 2: See individual datasheets for those devices which differ from the 
_ typical input rise and fall times noted here. 


mend operation of FACT™ circuits outside databook specifications. 


DC Characteristics for "AC Family Devices 


7anc oo ee} tHe 74aC 


Conditions 


e Guaranteed Limits 





Vout = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 or Vcc — 0.1V 


2.75 1.65 1.65 


2.9 2.9 
4.4 44 
5.4 5.4 






louT = —50 pA 
Output Voltage 4.49 
5.49 


*Vin = Vit or Vin 


3.0 2.46 —12mA 
45 3.76 Vv lon —24mA 
5.5 4.76 —24mA 
VoL Maximum Low Level | 3.0 | 0.002 | 0.1 0.1 lout = 50 pA 
Output Voltage 4.5 | 0.001 0.1 V 


5.5 | 0.001] 0.4 
*Vin = Vit or Vin 





3.0 0.36 0.50 0.44 12mA 
as 0.36 0.50 0.44 lo 24 mA 
0.36 0.50 0.44 24mA 


lin Maximum Input Vi = Voc, GND 
Leakage Current 
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DC Characteristics for ’AC Family Devices (Continued) 


vaac_ | s4ac— | 74AC 
Vec 
Parameter 
(V) 


re - Ta= Ta = 
[Stee | seca ct are —55°C to + 125°C | —40°C to + 85°C 


Suerte ae eel 


TMinimum aoe 
aoe Current 


Maximum wt SE 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: li, and Ico @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
Ioc tor 54AC @ 25°C is identical to 74AC @ 25°C 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Ta = Ta = Ta = 
+ ae on ee ~55°C to + 125°C 


— 40°C to + 85°C 


Guaranteed | ss GuaranteedLimits 


Vcc 
(V) 


Minimum High Level | 4.5 
Input Voltage 5.5 


2.0 
| mf gf 
VIL Maximum Low Level : 
Input Voltage 
Minimum High Level 4. en 


0.8 0.8 0.8 
re 8 a 8 a 8 

Output Voltage © 5. en 
4.5 3.86 3.70 3.76 
5.5 ro 86 oJ 70 er 76 


EA : Ea 
Ea 


0.36 0.50 0.44 
0.36 0.50 0.44 
lin Maximum Input +04 
Leakage Current 
loct Maximum 
loc/Input 
Minimum Dynamic ae ce 


Maximum eee 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 


Symbol Parameter 


Maximum Low Level 
Output Voltage 





loLo 
one 
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Conditions 


28 veo = 1.65V Max 
| ma | Voxp = 3.85V Min 


Conditions 


Vout = 0.1V 


or Vcc — 0.1V 


VouT = 0.1V 
or Voc — 0.1V 


| y [lor = —50 pA 


Edis = Vit or Vin 
—24mA 


loH —24mA 


jy | oor = 50 pA 


Eas = Vit or Vin 
24mA 
24mA 


RG Voc, GND 


lo 


oc. Voc — 2.1V 


Voip = 1.65V Max 
Voupb = 3.85V Min 


Vin = Voc 
or GND 





LSI 
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AC Electrical Characteristics 


74AC | sac | 74AC 
Parameter 


Ta = —58°C 
to + 125°C 
CL = 50 pF 


Vcc” 
(V) 
3 


Propagation Delay 3. 3.0 ie Typ tas 1.5 18.0 1.0 : . : 20.0 
Sp to ZorZ 5.0 2.5 8.5 13.0 1.0 : 15.0 
Propagation Delay 2.5 12.0 18.0 1.0 4 . : 20.0 
Sp to Z orZ 2.0 8.5 13.0 1.0 : 15.0 


Propagation Delay ae se 13.0 1.0 ; 2.0 14.0 
EtoZorZ 10.0 1.0 - : 11.0 
Propagation Delay 13.0 1.0 . 14.0 
EtoZorzZ 10.0 1.0 . 11.0 


Propagation Delay 3.3 2.5 ; 14.0 1.0 . 2.0 15.5 
In to ZorZ 5.0 1.5 ‘ 10.5 1.0 A 1.5 


Propagation Delay 2.5 E 15.0 1.0 4 . 16.0 
| IntoZorZ 1.5 B 11.0 1.0 é 12.0 
*Voltage Range 3.3 is 3.3V +0.3V 


Voltage Range 5.0 is 5.0V +0.5V 


AC Electrical Characteristics 


74ACT 54ACT 74ACT 
Symbol Parameter Voc" 
(V) 


Ta = —40°C 
to +85°C 


teLH Propagation Delay 
Sp to Z 


tPpHL Propagation Delay 
Sp to Z 


teLy Propagation Delay 
SptoZ 





tey Propagation Delay 
S, to Z 


teLy Propagation Delay 
_EtoZ 
tPHL Propagation Delay 2.5 105 90 1.0 12.5 25 10.0 
ie . 
tPLH Eropagebon Daley 2.5 10.0 85 1.0 120 | 25 9.5 
Hide 
RHE. ic erepeganen heey cE 30 105 100 | 10 125 | 25 ° 105 mot ed 
la : 


tpLH Propagation Delay 
Into Z 


tpHL Propagation Delay 
In toZ 
teLH Propagation Delay 
IntoZ 
tepHL Propagation Delay 
Into Z 
*Voltage Range 5.0 is 5.0V +0.5V 
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LSI 


Capacitance 


| Input Capacitance | Voo = 5.0V__ 


Power Dissipation 70.0 pF Voc = 5.0V 
Capacitance 
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National - 
Semiconductor 


54AC/74AC153 © 54ACT/74ACT 153 
Dual 4-Input Multiplexer 


General Description Features 

The 'AC/’ACT153 is a high-speed dual 4-input multiplexer © ™ Outputs source/sink 24 mA 

with common select inputs and individual enable inputs for ™ ‘ACT153 has TTL-compatible inputs 
each section. It can select two lines of data from four sourc- 

es. The two buffered outputs present data in the true (non- 

inverted) form. In addition to multiplexer operation, the *AC/ 

*ACT153 can act as a function generator and generate any 

two functions of three variables. 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


IEEE/IEC Pin Assignment 
for DIP, Flatpak and SOIC 


q loa Ya toe Isa fob tb lob '3p 





TL/F/9928—1 


aon Doon tr WP 


TL/F/9928-3 


TL/F/9928-2 
Pin Assignment 
for LCC 


be He NC ln 


Side A Data Inputs Se 


Side B Data Inputs Lh 
Common Select inputs 


Side A Enable Input 
Side B Enable Input 
Side A Output 
Side B Output 





a al 
fi) 
tb lap NC tz, Sp 
TL/F/9928-4 
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Functional Description Truth Table 


The ’AG/’ACT153 is a dual 4-input multiplexer. It can select 
two bits of data from up to four sources under the control of 
the common Select inputs (Sp, S;). The two 4-input multi- Inputs 
plexer circuits have individual active-LOW Enables (Eg, Ep) Sor. | 
which can be used to strobe the outputs indepedently. 
When the Enables (E,, Ep) are HIGH, the corresponding 
outputs Za, Zp) are forced LOW. The ’AC/’ACT153 is the 
logic implementation of a 2-pole, 4-position switch, where 
the position of the switch is determined by the logic levels 
supplied to the Select inputs. The logic equations for the 
outputs are shown below. 
Za = Ea® (loa ® St © So + Iyae Sy So + 
Izq¢S1*So + Igq ¢ Sy * So) 
Zp = Ep * (lop © Sy © So + yp 9 Sy ¢ So + 
lab © Sq So + lap © Sy # So) 


Select 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


Logic Diagram 


EET 


Telels ’ Ts : 


| 
Za 2, 


TL/F/9928-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
please. contact the National. Semiconductor Sales 
Office/Distributors for availability and specifications. 


Recommended Operating » 


Conditions 
Supply Voltage (Vcc) 
"AC 


2.0V to 6.0V 


Supply Voltage (Vcc) 
DC Input Diode Current (Ij) 


Ve 
Vi= 


—0.5V 
Voc + 0.5V 


DC Input Voltage (V)) 


DC Output Diode Current (lox) 


Vo = —0.5V 
Vo = Voc + 0.5V 


—0.5V to Voc + 0.5V 


—0.5V to +7.0V "ACT 


Input Voltage (V)) 
Output Voltage (Vo) 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (T) 
CDIP 


—20 mA 
+20 mA 


—20mA 
+20mA 


4.5V to 5.5V 
OV to Vcc 
OV to Vcc 


— 40°C to + 85°C 
—§5°C to + 125°C 


175°C 


DC Output Voltage (Vo) 


DC Output Source 
or Sink Current (Io) 


DC Vcc or Ground Current 
per Output Pin (Icc or Ignp) +50 mA 


Storage Temperature (Tstg) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT circuits outside databook specifications. 


—0.5V to to Vcc + 0.5V 


+50 mA 


PDIP 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Vcc 
Voc @ 3.0V 
Vcc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t,, t)) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 


140°C 


150 ns/V 
40 ns/V 
25 ns/V 


VIN from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 

Voc @ 4.5V 

Vcc @ 5.5V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 


typical input rise and fall times noted here, 


DC Characteristics for "AC Family Devices 


Symbol 


Vin 


ViL 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 


‘Vec 
(Vv) 


- AE Bae 74AC 


Ta E256 phi fo +125°C ok to +86°C 


Guaranteed Limits 


2.1 
3.15 
3.85 


0.9 
1.35 
1.65 


Es 
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Vv 


Conditions 


VouT = 0.1V 
or Voc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


louT = —50 pA 


“Vin = Vitor Vin 
—12mA 
lon —24mA 
—24mA 


lout = 50 pA 


*Vin = Vit or Vin 
12mA 
lo 24mA 
24mA 


= Voc, GND 





DC Characteristics for ’AC Family Devices (Continued) 


vnc | anc | 74ac 


Vec ae = Ta = Ta = 
Parameter (v) ee 4 Beene PL Be, to +125°c | —40°C to +85°C Conditions 


typ | | GuaranteedLimits si Limits 


Minimum Dynamic SEL pt Youn = 1.65V Max 


Output Current | mA | Voxo = 3.85V Min 


Maximum Quiescent 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 


Note: I\y and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
Ioc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for ACT Family Devices 


74ACT 54ACT - 74ACT 


Loe = Ta= Ta= 
Symbol Parameter o [see cme wen ieee to +125°C | —40°C to +85°C Conditions 


| Typ | | ——sGuaranteedLimits si Limits 
Minimum High Level | 4.5 1.5 2.0 Vv Vout = 0.1V 
Input Voltage 5.5 1.5 2.0 or Voc — 0.1V 
ViL Maximum Low Level | 4.5 1.5 0.8 0.8 0.8 Vout = 0.1V 
Input Voltage ras] 5 1.5 rae 8 ae 8 0. a or Vcc — 0.1V 
Minimum High Level Pea 49 oy [tour = —50 pA 
Output Voltage - 5. Pea 


Ea be Vit oF Vin 
4.5 3.86 3.70 3.76 | —24mA 
5.5 4.86 4.70 4.76 oH —24mA 
Maximum Low Level 0.001 | 0.1 0.1 jy leer = 50 nA 
Output Voltage 0.001 0.1 0.4 
Bb Vit oF Vin 
0.36 0.50 0.44 24mA 
0.36 0.50 0.44 ot 24mA 
IIN Maximum Input aw [1 Voc, GND 
Leakage Current 
locT Maximum co a Voc — 2.1V 
loc/Input ap 


louo__| Minimum Dynamic pet a = 1.85V Max 
ou Output Current rE ae | mA | Voup = 3.85V Min 


Maximum Quiescent VIN = Vcc 
Supply Current or GND 


“All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics 


74AC | aac | aa 
Vec* ea 
Parameter 
(V) 


; Ta = —55°C Ta = —40°C 
Sate ant rn to + 125°C to +85°C 
L P $= seer 50 pF C_ = 50 pF 


Propagation aa ae 4 rea ee 15.0 ie Men 19.5 
Sp to Zp 11.0 1.0 14.0 


2.5 
2.0 
Propagation me 3.0 8.5 14.5 1.0 18.0 2.5 
Spy to Zp, 11.0 1.0 13.5 2.0 
Propagation Delay 13.5 1.0 16.5 
EtoZ, 9.5 1.0 12.5 © 
Propagation Delay 11.0 1.0 14.0 2.0 
EtoZ, 8.0 1.0 10.0 1.5 
Propagation Delay 12.5 1.0 16.0 2.0 
In to Zy 5 : 9.0 1.0 11.5 1.5 
Propagation Delay 1.5 : 11.5 1.0 14.5 
In to Zp, 1.5 : 8.5 1.0 10.5 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


AC Electrical Characteristics 


aie Ta = —55°C Ta = —40°C 
Parameter ge Ta = = 728 bd to + + 125°C to +85°C 


Propagation Delay 
Sp to Zp 
Propagation Delay 
Spy to Zp 
Propagation Delay 
E, to Zp, 
Propagation Delay 
E, to Zp 
Propagation Delay 
I, to Z, 
Propagation Delay 

; In to Zp 

*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


| Input Capacitance _| Capacitance | Veo = 5.0V | = §.0V 


Power Dissipation 





4-72 


National - 
Semiconductor 


54AC/74AC 157 ¢ 54ACT/74ACT157 


Quad 2-Input Multiplexer 


General Description 


The 'AC/’ACT157 is a high-speed quad 2-input multiplexer. 
Four bits of data from two sources can be selected using 
the common Select and Enable inputs. The four outputs 
present the selected data in the true (noninverted) form. 
The 'AC/’ACT157 can also be used as a function generator. 


Ordering Code: see Section 5 


Logic Symbols 


TL/F/9929-1 


IEEE/IEC 


TL/F/9929-2 


Source 0 Data Inputs 
Source 1 Data Inputs 
Enable Input 

Select Input 

Outputs 


Features 


@ Outputs source/sink 24 mA 
m 'ACT157 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


aon naonek WH 


TL/F/9929-3 


Pin Assignment 
for LCC 
Wb boy NC Za ha 
6) BI) 


FLA 
Cea STS a) 
hd Ze NC Ne oe 


TL/F/9929-4 
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Functional Description 


The 'AC/’ACT157 is a quad 2-input multiplexer. It selects 
four bits of data from two sources under the control of a 
common Select input (S). The Enable input (E) is active- 
LOW. When E is HIGH, all of the outputs (Z) are forced 
LOW regardless of all other inputs. The ’AC/’ACT157 is the 
logic implementation of a 4-pole, 2-position switch where 
the position of the switch is determined by the logic levels 
supplied to the Select input. The logic equations for the out- 
puts are shown below: 


Za = Ee(y,geS + loa @ S) 

Zp = Ee (ype S + Igy @ S) 

Zo Ee (lic @S + Igg@ S) 

Zq = Ee (ge S + Iog @ S) 
A common use of the 'AC/ACT157 is the moving of data 
from two groups of registers to four common output busses. 


The particular register from which the data comes is deter- 
mined by the state of the Select input. A less obvious use is 


Logic Diagram 


loa Ne lop lip lh Ne 


as a function generator. The 'AC/’ACT157 can generate 
any four of the sixteen different functions of two variables 
with one variable common. This is useful for implementing 
gating functions. 


Truth Table 


| inputs | Outputs | 
id a ee 





IGH Voltage Level 
OW Voltage Level 
mmaterial 


5Zlrerrere 


Ze Z b Z, 


Z4 


TL/F/9929-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 





Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to + 7.0V 
DC Input Diode Current (Ij) 
V| = —0.5V 
Vi = Voc + 0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (Io) 
Vo = —0,5V 
Vo = Voc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Vcc or Ground Current 
per Output Pin (icc or Iqnp) £50 mA 
Storage Temperature (TsTq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20mA 
+20 mA 


—0.5V to Voc + 0.5V 
—20 mA 
+20 mA 

—0.5V to to Voc + 0.5V 


+50 mA 


Recommended Operating 


Conditions 

Supply Voltage (Vcc) 
AC 2.0V to 6.0V 
"ACT 4.5V to 5.5V 


Input Voltage (V)) OV toVcc 
Output Voltage (Vo) OV to Vcc 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 
CDIP 
PDIP 


Input Rise and Fall Time (t,, t) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 
Voc @ 3.0V 
Voc @ 4.5V 
Vcc @ 5.5V 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 


—40°C to +85°C 
—55°C to + 125°C 


175°C 
140°C 


150 ns/V 
40 ns/V 
25 ns/V 


(Except Schmitt Inputs) "ACT Devices 
Vin from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Voc @ 4.5V 

Vcc @ 5.5V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 


typical input rise and fall times noted here. 


DC Characteristics for "AC Family Devices. 


Symbol Parameter 


ViH Minimum High Level 
Input Voltage 


Vit Maximum Low Level 
Input Voltage 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 


Vec 
(V) 


74AC 
Ta = +25°C 


Typ 
1.5 
2.25 
2.75 


1.5 
2.25 
2.75 


2.99 
4.49 
5.49 


| san] 7anc 


Ta = Ta = 
—55°C to + 125°C | —40°Cto + 85°C 


Guaranteed Limits 


2.1 
3.15 
3.85 


0.9 
1.35 
1.65 


2.9 
4.4 
5.4 


2.4 
3.7 
4.7 


0.1 
. ; 


Conditions 


Vout = 0.1V 
or Voc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


louT = —50 pA 


*Vin = Vitor Vin 
-—12mA 
loH —24mA 


—24mA 
louT = 50 pA 


"Vin = Vitor Vin 


ZSl 


12mA 
lo 24 mA 
24mA 





oOo oOo 
RAR 
hA LH 


Maximum Input 
Leakage Current 
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DC Characteristics for "AC Family Devices (continued) 


_ 


+Minimum Dynamic VoLp = 1.65V Max 
Output Current Voup = 3.85V Min 
Maximum Quiescent 

Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 


Note: liq and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 





DC Characteristics for "ACT Family Devices 


74ACT 54ACT . 74ACT 


Vec Ta = Ta = Ta = 
(V) + 25° —55°C to + 125°C | —40°C to + 85°C 


Ty Guaranteed Limits 
Vin Minimum High Level ; 1. Vv Vout = 0.1V 
Input Voltage ; 1. or Voc — 0.1V 
VIL Maximum Low Level : 1. 0.8 0.8 0.8 Vv Vout = 0.1V 
Input Voltage ; 1. 0.8 0.8 0.8 or Voc — 0.1V 
Minimum High Level | 4.5 | 4.49 4.4 4.4 4.4 louT = —50 pA 
Output Voltage 5.5 | 5.49 5.4 - 54 5.4. ; 
| “Vin = Vit or Vin 
4.5 3.86 3.70 3.76 V | —~24mA 
: 5.5 4.86 4.70 4.76 co —24 mA 
Maximum Low Level | 4.5 | 0.001 | 0.1 0.1 0.1 Vv louT = 50 pA 
Output Voltage 5.5 | 0.001; 0.1 0.1 0.1 
“Vin = Vic Or ViH 
4.5 0.36 | - 0.44 Vv | 24mA 
5.5 0.36 0.44 ie 24mA 
lin Maximum Input +01 +10 ave uh Vi = Voc, GND 
Leakage Current 
loct Maximum 15 ai Vi = Veco — 2.1V 
Ioc/Input 
Pss} | | em 


lotp TMinimum Dynamic Vo_p = 1.65V Max 


Symbol! Parameter Conditions 





ne Output Current VoHp = 3.85V Min 


pss{ | | so -ts | m 
Ioc Maximum Quiescent Vin = Voc 
Supply Current #600 e0.0 pA or GND 


*All outputs loaded; thresholds on input associated with output under test. 
Maximum test duration 2.0 ms, one output loaded at a time. 
Note: Ico for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics 


‘ _ e Ta = —55°C 
Parameter a Ta - 1256 to + 125°C 


Propagation Delay ; : 3 : . 
StoZpy k : : ‘ : 
Propagation Delay : : : . : 
S to Z, : ; : 1.0 11.5 1 0 


Propagation Delay : ; : 1.0 16.0 
E to zn . : ; 1.0 12.0 : : 


1.0 14.0 1.5 
1.0 11.5 1.0 


Propagation Delay j : , 1.0 11.0 
In to Zn : : ; 1.0 9.0 : ‘ 


Propagation Delay ‘ 5.0 8.0 1.0 11.0 0 9.0 
In to Zp : : f 1.0 9.0 7.0 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


AC Electrical Characteristics 


Vcc" Ta = +25°C 
Parameter (V) oe = 50 pF 
| Min = Typ Max | Typ 


Propagation Delay 
Sto Zp, 
Propagation Delay 
$ to Zp 


Propagation Delay 
EtoZ, 


Propagation Delay 

Eto Z, 

Propagation Delay 15 4.0 7.0 1.0 8.5 
In to Zp | , 
Propagation Delay 15 45 7.5 1.0 9.0 

In to Zp 


*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


| Veg = 5.0V | C= 


Input Capacitance 


cc = 5.0V 
Power Dissipation 7 
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54AC/74AC 158 © 54ACT/74ACT 158 
Quad 2-Input Multiplexer 


General Description _ } Features 


The 'AC/’ACT158 is a high-speed quad 2-input multiplexer. ™ Outputs source/sink 24 mA 

It selects four bits of data from two sources using the com-  ’ACT158 has TTL-compatible inputs 
mon Select and Enable inputs. The four buffered outputs 

present the selected data in the inverted form. The ’AC/ 

*ACT158 can also be used as a function generator. 


Ordering Code: see Section 5 


Logic Symbols - Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, Flatpak and SOIC for LCC 


lib bp NC Za bie 
BOWE 
aaaes 


loa Na lob Nb loc Ne tod Na 


TL/F/9930~1 





anon r WwW we 


IEE/IEC (4 (3) 
a Z, NC he Ye 
FEI SeeO TL/F/9930-4 


Source 0 Data Inputs 
Source 1 Data Inputs 
Enable Input 

Select Input 

Inverted Outputs 
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Functional Description Truth Table 


The 'AC/*ACT158 quad 2-input multiplexer selects four bits 
of data from two sources under the control of a common 
Select input (S) and presents the data in inverted form at 
the four outputs. The Enable input (E) is active-LOW. When 
E is HIGH, all of the outputs (Z) are forced HIGH regardless 
of all other inputs. The ’AC/’ACT158 is the logic implemen- 
tation of a 4-pole, 2-position switch where the position of the 
switch is determined by the logic levels supplied to the Se- 
lect input. 


A common use of the ’AC/'ACT158 is the moving of data H = HIGH Voltage Level 
from two groups of registers to four common output busses. L = LOW Voltage Level 
The particular register from which the data comes is deter- X = Immaterial 

mined by the state of the Select input. A less obvious use is 

as a function generator. The 'AC/’ACT158 can generate 

four functions of two variables with one variable common. 

This is useful for implementing gating functions. 





Logic Diagram 


loa te lob lib loc Ite 


CSS 


<i.h 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor. Sales 
Office/Distributors for availability and specifications. 





























Supply Voltage (Vcc) —0.5V to + 7.0V 
DC Input Diode Current (I|x) 
Vv, = —0.5V —20mA 
Vi = Voc + 0.5V +20 mA 








DC Input Voltage (Vj) 
DC Output Diode Current (Io) 


—0.5V to Voc + 0.5V 









































Vo = —0.5V —20 mA 

Vo = Voc + 0.5V +20 mA 
DC Output Voltage (Vo) —0.5V to to Voc + 0.5V 
DC Output Source 

or Sink Current (Io) +50 mA 
DC Vcc or Ground Current 

per Output Pin (Icc or Iqnp) +50 mA 





Storage Temperature (Tstq) —65°C to + 150°C 


Note 1; Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 
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Recommended Operating 


Conditions | 
Supply Voltage (Vcc) 

"AC 2.0V to 6.0V 

"ACT 4.5V to 5.5V 
Input Voltage (V)) OV to Vcc 
Output Voltage (Vo) OV to Vcc 
Operating Temperature (Ta) 

74AC/ACT — 40°C to + 85°C 

54AC/ACT — 55°C to + 125°C 
Junction Temperature (Ty) 

CDIP 175°C 

PDIP 140°C 
Input Rise and Fail Time (t,, ts) 

(Note 2) (Typical) 

(Except Schmitt Inputs) "AC Devices 

Vin from 30% to 70% of Voc 

Voc @ 3.0V 150 ns/V 

Voc @ 4.5V 40 ns/V 

Voc @ 5.5V 25 ns/V 
Input Rise and Fall Time (ty, tp) 

(Note 2) (Typical) 

(Except Schmitt Inputs) "ACT Devices 

VIN from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Voc @ 4.5V 10 ns/V 

Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


DC Characteristics for AC Family Devices 


vac | aac, | 74a 
Symbol Parameter Ta = +25°C Ta = TA = = Conditions 
—55°C to + 125°C | —40°C to + 85°C 
Typ Guaranteed Limits 
Vin Minimum High Level | 3.0 1.5 2.1 2.1 2.1 Vout = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 V or Vcc — 0.1V 
5.5 2.75 | 3.85 3.85 3.85 
Vit Maximum Low Level | 3.0 1.5 0.9 0.9 Vout = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 Vv or Vcc — 0.1V 
5.5 2.75 1.65 1.65 
VOH Minimum High Level | 3.0 2.99 2.9 2.9 2.9 lout = —50 pA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 V 
5.5 5.49 5.4 5.4 5.4 
*Vin = Vi Or Vin 
3.0 2.56 2.4 2.46 —12mA 
4.5 3.86 3.7 3.76 Vv loH —24mA 
5.5 4.86 4.7 4.76 —24mA 
Vor Maximum Low Level | 3.0 | 0.002 0.1 0.1 0.1 lout = 50 pA 
Output Voltage 4.5 | 0.001 0.1 0.1 0.1 Vv 
5.5 | 0.001 0.1 0.1 0.1 
*Vin = Vit or Vin 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 V lot 24mA 
5.5 0.36 0.50 0.44 24mA 
Maximum Input Vi = Voc, GND 
F +1, +1, 
Leakage Current pes} [sor] sto | eto | ma 
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DC Characteristics for ’AC Family Devices (continued) 


vaac_ | aac | 7AAC 
Vec S °C Ta = Ta = 
ee hy ee to + 125°C | —40°C to + 85°C 


Conditions 


| = GuaranteedLimits = si Limits 
Vo_p = 1.65V Max 
VonHp = 3.85V Min 


= 


3/3 





tMinimum Dynamic | 5.5 | 
Output Current | 5.5 | 
Maximum Quiescent 
Supply Current 
*All outputs loaded; thresholds on input associated with output under test. 


tMaximum test duration 2.0 ms, one output loaded at a time. 


Note: !iy and Icc¢ @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT — Devices 


| = 74acT 54ACT 74ACT 
Yeo! t= +250 | " Ta = Ta = 
Symbol Parameter ma = +25 | tas +250 | 55°C to +125°C | —40°C to +85°C 
Guaranteed Limits 
Minimum High Level | 4.5 2.0 
Input Voltage 5.5 2.0 
ViL Maximum Low Level 0.8 
Input Voltage 0.8 
Minimum High Level | 4.5 4.49 4.4 4.4 
Output Voltage 5.5 5.49 5.4 5.4 
45 3.86 3.70 
5.5 4.86 4.70 
Maximum Low Level | 4.5 0.001 0.1 0.1 
Outout Voltage 5.5 0.001 0.1 0.1 
4.5 0.36 0.50 
5.5 0.36 0.50 
Maximum Input 
Leakage Current ss] [sor 


Maximum 
Ioc/Input 
tMinimum Dynamic et} — a 


Conditions 


= 3 {3 3 = 


Vout = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Voc — 0.1V 


lout = —50 pA 


*Vin = Vit or Vin 
—24mA 
OH —24mA 


2° ar|oolyn 
reer kA TOOWs!oOo 


f 
N 
tor) 


louT = 50 pA 


*Vin = Vitor VI 
24mA 
OL 24mA 


Vi = Voc, GND 





Vi = Voo — 2.1V 


Voip = 1.65V Max 
VoHp = 3.85V Min 


Vin = Voc 
or GND 


Output Current 


Maximum en ce 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics 


Vcc* 
Parameter 
(V) 


: Ta = —55°C Ta = —40°C 
a us pats to + 125°C to + 85°C 
L P C, = 50 pF C, = 50 pF 


Propagation Delay 3.3 5 : ie Te Mee | 1.0 14.0 i : 
StoZ, 5.0 : 9.0 1.0 11.0 
Propagation Delay 3.3 : 11.5 1.0 14.0 
StoZ, 5.0 : 9.0 1.0 11.0 


Propagation Delay 3 12.0 1.0 15.0 1.5 
EtoZ, 5 6.0 9.5 1.0 12.0 


Propagation Delay 3.3 1.5 7.0 11.0 1.0 14.0 
EtoZ, 5.0 1.5 5.5 8.5 1.0 10.0 
Propagation Delay 3.3 1.5 5.5 9.0 1.0 11.0 
I, to Z, 5.0 1.5 4.0 7.0 1.0 8.5 

3.3 1.5 5.0 8.0 1.0 10.0 


Propagation Delay 
In to Zn 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is §.0V +0.5V 


AC Electrical Characteristics 


74ACT 54ACT 74ACT 
Vcc* 
Parameter 
(V) 


Ta = —55°C Ta = —40°C 
to + 125°C to + 85°C 
erie) fe ae 50 pF 


Ta = +25°C 
one um = 50 pF 


| Min Typ Max | Typ 


Propagation Delay 6.0 
StoZpy 

Propagation Delay 

StoZ, 

Propagation Delay 

EtoZ, ° 


Propagation Delay 
EtoZ, 


Propagation Delay 
In to Zp 


Propagation Delay 
I, to Zh 
*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


—s 


Input Capacitance a Voo = 5.0V 


Power Dissipation 
Capacitance 


Conditions 


Voc = 5.0V 
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54AC/74AC161 © 54ACT/74ACT161 
Synchronous Presettable Binary Counter 


General Description Features 


The ’AC/’ACT161 are high-speed synchronous modulo-16 | _™@ Synchronous counting and loading 
binary counters. They are synchronously presettable for ap- ™ High-speed synchronous expansion 
plication in programmable dividers and have two types Of —m Typical count rate of 125 MHz 
Count Enable inputs plus a Terminal Count output for versa- _ Outputs source/sink 24 mA 

tility in forming synchronous multistage counters. The "AC/ sw *ACTI161 has TTL-compatible inputs 
‘ACT161 has an asynchronous Master Reset input that 

overrides all other inputs and forces the outputs LOW. 


Ordering Code: see Section 5 
Logic Symbols Connection Diagrams 


HEREVIEC Pin Assignment 
CTRDIVI6 for DIP, Flatpak and SOIC 


PE Po Py Po Pz 





TL/F/9931-1 


on ODO ON &® Ww KH 


TL/F/9931-3 


TL/F/9931-2 


Pin Assignment 
for LCC 
Pz Py NC Py Po 
[6] 
Ted ed 


CEP [9] 
Description GND 


Count Enable Parallel Input NC [i] 
Count Enable Trickle Input PE 
Clock Pulse Input CET 


Asynchronous Master Reset Input S.8.8.8 
Parallel Data Inputs 
Parallel Enable Inputs Qs Q, NC Q; Q% 
Flip-Flop Outputs 

Terminal Count Output 


TL/F/9931-4 








4-83 


LO} 





161 


Functional Description 


The ’AC/*ACT161 count in modulo-16 binary sequence. 
From state 15 (HHHH) they increment to state 0 (LLLL). The 
clock inputs of all flip-flops are driven in parallel through a 
clock buffer. Thus all changes of the Q outputs (except due 
to Master Reset of the '161) occur as a result of, and syn- 
chronous with, the LOW-to-HIGH transition of the CP input 
signal. The circuits have four fundamental modes of opera- 
tion, in order of precedence: asynchronous reset, parallel 
load, count-up and hold. Five control inputs—Master Reset, 
Parallel Enable (PE), Count Enable Parallel (CEP) and 
Count Enable Trickle (CET)—determine the mode of opera- 
tion, as shown in the Mode Select Table. A LOW signal on 
MR overrides all other inputs and asynchronously forces all 
outputs LOW. A LOW signal on PE overrides counting and 
allows information on the Parallel Data (P,) inputs to be 
loaded into the flip-flops on the next rising edge of CP. With 
PE and MR HIGH, CEP and CET permit counting when both 
are HIGH. Conversely, a LOW signal on either CEP or CET 
inhibits counting. 

The 'AC/’ACT161 use D-type edge-triggered flip-flops and 
changing the PE, CEP and CET inputs when the CP is in 
either state does not cause errors, provided that the recom- 
mended setup and hold times, with respect to the rising 
edge of CP, are observed. 


The Terminal Count (TC) output is HIGH when CET is HIGH 
and counter is in state 15. To implement synchronous multi- 
stage counters, the TC outputs can be used with the CEP 
and CET inputs in two different ways. 


Figure 7 shows the connections for simple ripple carry, in 
which the clock period must be longer than the CP to TC 
delay of the first stage, plus the cumulative CET to TC de- 
lays of the intermediate stages, plus the CET to CP setup 
time of the last stage. This total delay plus setup time sets 
the upper limit on clock frequency. For faster clock rates, 
the carry lookahead connections shown in Figure 2 are rec- 
ommended. In this scheme the ripple delay through the in- 
termediate stages commences with the same clock that 
causes the first stage to tick over from max to min in the Up 
mode, or min to max in the Down mode, to start its final 
cycle. Since this final cycle requires 16 clocks to complete, 
there is plenty of time for the ripple to progress through the 
intermediate stages. The critical timing that limits the clock 
period is the CP to TC delay of the first stage plus the CEP 
to CP setup time of the last stage. The TC output is subject 
to decoding spikes due to internal race conditions and is 
therefore not recommended for use as a clock or asynchro- 
nous reset for flip-flops, registers or counters. 


TO ALL STAGES 


For such applications, the Clocked Carry (CC) output is pro- 
vided. The CC output is normally HIGH. When CEP, CET, 
and TC are LOW, the CC output will go LOW when the clock 
next goes LOW and will stay LOW until the clock goes HIGH 
again, as shown in the CC Truth Table. When the Output 
Enable (OE) is LOW, the parallel data outputs Og-O3 are 
active and follow the flip-flop Q outputs. A HIGH signal on 
OE forces Op-Og3 to the High Z state but does not prevent 
counting, loading or resetting. 

Logic Equations: Count Enable = CEP e CET e PE 

TC = Qo © Qy & Qo & Qg @ CET 
Mode Select Table 


2 eae Ae Action on the Rising 
rE cer CEP Clock Edge (_” ) 


Reset (Clear) 

Load (Ph — Qn) 

Count (Increment) 

No Change (Hold) 

No Change (Hold) 
IGH Voltage Level 


LOW Voltage Level 
= Immaterial 


State Diagram 





TL/F/9931-5 


TL/F/9931-8 


FIGURE 1. Multistage Counter with Ripple Carry 


TO ALL STAGES 


TL/F/9931~9 


FIGURE 2. Multistage Counter with Lookahead Carry 
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Block Diagram 
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Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


TL/F/9931~-6 
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Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
"AC 2.0V to 6.0V 


—0.5V to +7.0V "ACT 


Input Voltage (V)) 
Output Voltage (Vo) 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


—20 mA Junction Temperature (Ty) 


+20 mA CDIP 175°C 
—0.5V to to Voc + 0.5V PDIP 140°C 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 
Voc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t,, ts) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 
Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Voc @ 4.5V 10 ns/V 
Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


DC Characteristics for ’AC Family Devices 
| mac | saac, | aac. 
Units Conditions 
Vout = 0.1V 


Vec °C Ta= Ta = 
(V) —55°C to + 125°C | —40°C to + 85°C 
or Vcc — 0.1V 


4,5V to 5.5V 
OV to Voc 
OV to Vcc 


DC Input Diode Current (Ix) 
V; = —0.5V 
Vi = Voc + 0.5V 

DC Input Voltage (V)) 

DC Output Diode Current (Iox) 
Vo = —0.5V 
Vo = Voc + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (Io) 


DC Vcc or Ground Current 
per Output Pin (Ioc¢ or Iqnp) +50 mA 


Storage Temperature (Tstq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20mA 
+20mA 


—0.5V to Voc + 0.5V —40°C to + 85°C 


—55°C to + 125°C 


+50 mA 


150 ns/V 
40 ns/V 
25 ns/V 


Symbol Parameter 


Guaranteed Limits 


Vin Minimum High Level : : 2.1 
Input Voltage : : ; 3.15 
3.85 


Vit Maximum Low Level 
Input Voltage 


Vout = 0.1V 
or Vcc — 0.1V 


Minimum High Level 
Output Voltage 


louT = —50 pA 


*Vin = Vit or Vin 
—12mA 
low —24mA 
—24mA 


Maximum Low Level 
Output Voltage 


lout = 50 pA 


“Vin = Vit or Vin 
12mA 
lo 24mA 
24mA 


= Voc, GND 


Maximum Input 
Leakage Current 
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DC Characteristics for AC Family Devices (continuea 


| mac | saa | anc om 


Conditions 


Ta = Ta = 
Parameter Ta= +25°C | _ eects +125°C | —40°C to + 85°C 


| Mf Seventies 
{8} Voup = 1.65V Max 
Output Current | -s0— || S75 ||sma Voup = 9.85V Min 
Settbte tet 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: ly and Icc¢ @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vcc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Vec 
Symbol Parameter (V) i + 25°C El eel eee . +125°C | — jee a +85°C Conditions 


| == GuaranteedLimits Limits 
Vin Minimum ee ane Level Vout = 0.1V 
ee ane Voltage or Vcc — 0.1V 
VIL Maximum Low Level | 4. ss is 5 0.8 0.8 0.8 Vout = 0.1V 
Input Voltage ra 5 1.5 ca 8 a 8 a 8 or Vcc — 0.1V. 


Minimum High Level 4, el fy | oor = —50 pA 
Output Voltage el 49 


— = Vit or Vin 
4.5 3.86 3.70 3.76 —24mA 
5.5 ro 86 — a 70 sr 76 OH —24mA 


Maximum Low Level! 2 ie a 001 louT = 50 pA 
Outout Voltage a 001 


*Vin = Vit or Vin 
4.5 0.36 0.50 0.44 24mA 
55 0.36 0.50 0.44 OL 24 mA 
Maximum Input 
GND 
Maximum ve os mune Voc — 2.1V 
sed -_ 


Maximum Quiescent Vin = Voc 
Supply Current pe te or GND 


“All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics 


Parameter 


Maximum Count - 
Frequency 


Propagation Delay CP to Q, 
(PE Input HIGH or LOW) 


Propagation Delay CP to Q, 
(PE Input HIGH or LOW) 


Propagation Delay 
CP to TC 


Propagation Delay 
CP to TC 


Propagation Delay 
CET to TC 


Propagation Delay 
CET to TC 


Propagation Delay 
MR to Q,, 


Propagation Delay 
MR to TC 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


70 


Ta = +25°C 


111 
167 


7.0 
5.0 


7.0 
5.0 


9 
6 


8.5 
6.5 


5.5 
3.5 


6.5 
5 


6.5 
5.5 


10 
8.5 
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12 
9.0 


12 
9.5 


15 
10.5 


14 
11 


9.5 
6.5 


11 
8.5 


12 
9.5 


15 
13 


Ta = —55°C 
to + 125°C 
C. = 50 pF 


fm | [me 


1.0 
1.0 


1.0 
1.0 


1.0 
1.0 


1.0 
1.0 


1.0 
1.0 


1.0 
1.0 


1.0 
1.0 


1.0 
1.0 


15.0 
11.0 


15.0 1.5 1 


11.0 


18.5 
13.0 


17.5 
13.0 


13.0 
8.5 


14.5 
11.0 


14.5 
10.5 


18.5 
14.0 


Ta = —40°C 
to +85°C 
C. = 50 pF 


1.5 


2.5 
1.5 


1.5 
1.0 


1.5 
15° - 


3.0 
2.5 


3 
10 
16.5 
11.5 





AC Operating Requirements 


Parameter 





Setup Time, HIGH or LOW 
P, to CP 


Hold Time, HIGH or LOW 
P, to CP 

Setup Time, HIGH or LOW 
PE to CP 


Hold Time, HIGH or LOW 
PE to CP 


Clock Pulse Width 3.3 2.0 3.5 5.0 4 
(Load) HIGH or LOW 5.0 2.0 2.5 5.0 3 
Clock Pulse Width 3.3 2.0 4.0 4.5 
(Count) HIGH or LOW 5.0 2.0 3.0 3.5 
MR Pulse Width, 3.3 3.0 5.5 7.5 
LOW 5.0 2.5 45 6.0 
trec Recovery Time -2 0 
MR to CP —1 0.5 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is §.0V +0.5V 


AC Electrical Characteristics 


mouse | hase | Ture’ 
arameter oe ° ‘ . ve 
rere C, = 50 pF C,, = 50 pF 


Min Typ Max | Min Max | Min Max _| 
Frequency 
Propagation Delay CP to Q, 15 8.0 10.0 fe oe pcs 15 13.5 Fs | 


1.5 


(PE Input HIGH or LOW) 


Propagation Delay CP to Q, 
(PE Input HIGH or LOW) 


Propagation Delay 
CP to TC 


Propagation Delay 
CP to TC 


Propagation Delay 
CET to TC 


Propagation Delay 
CET to TC 


Propagation Delay 


N 
° 


= 
on 


Propagation Delay 
MR to TC 
*Voltage Range 5.0 is 5.0V +0.5V 


Ul 
2 
° 
p 
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AC Operating Requirements 


Vec 
(V) 


Parameter 


Setup Time, HIGH or LOW 
Pp to CP 


Hold Time, HIGH or LOW 
P, to CP 


Setup Time, HIGH or LOW 


PE to CP 


Hold Time, HIGH or LOW 
PE to CP 


Setup Time, HIGH or LOW 
CEP or CET to CP 

Hold Time, HIGH or LOW 
CEP or CET to CP 

Clock Pulse Width 

(Load) HIGH or LOW 


Clock Pulse Width 
(Count) HIGH or LOW 


MR Pulse Width, LOW 


Recovery Time 


MR to CP 
*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


Parameter 


Power Dissipation 45.0 
Capacitance 


Cin Input Capacitance 
PD 


Cc 





7 : Ta = —55°C 
Tae bee to + 125°C 


AC/ACT 


jue | Conditions 


Voc = 5.0V 
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54AC/74AC163 © 54ACT/74ACT 163 
Synchronous Presettable Binary Counter 


General Description 


The ’AC/’ACT163 are high-speed synchronous modulo-16 
binary counters. They are synchronously presettable for ap- 
plication in programmable dividers and have two types of 
Count Enable inputs plus a Terminal Count output for versa- 
tility in forming synchronous multistage counters. The ’AC/ 
"ACT163 has a Synchronous Reset input that overrides 
counting and parallel loading and allows the outputs to be 
simultaneously reset on the rising edge of the clock. 


Ordering Code: see section 5 
Logic Symbols 


IEEE/IEC 
CTRDIV16 


TL/F/9932-1 


PinNames| Description | 


Count Enable Parallel Input 
Count Enable Trickle Input 
Clock Pulse Input 


Synchronous Reset Input 
Parallel Data Inputs 
Parallel Enable Input 
Flip-Flop Outputs 
Terminal Count Output 





Features 

m Synchronous counting and loading 
m High-speed synchronous expansion 
®@ Typical count rate of 125 MHz 

m™ Outputs source/sink 24 mA 

m ’ACT163 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


oaAN DODO FW DS 


TL/F/9932~-3 


TL/F/9932-2 


Pin Assignment 
for LCC 
Ps Py NC Py Py 
[6] 
bd bed b 





_ 
Q; Q) NC Q, Qo 


TL/F/9932-4 
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Functional Description 


The ’AC/’ACGT163 counts in modulo-16 binary sequence. 
From state 15 (HHHH) it increments to state 0 (LLLL). The 
clock inputs of all flip-flops are driven in parallel through a 
clock buffer. Thus all changes of the Q outputs occur as a 
result of, and synchronous with, the LOW-to-HIGH transition 
of the CP input signal. The circuits have four fundamental 
modes of operation, in order of precedence: synchronous 
reset, parallel load, count-up and hold. Four control inputs— 
Synchronous Reset (SR), Parallel Enable (PE), Count En- 
able Parallel (CEP) and Count Enable Trickle (CET)—deter- 
mine the mode of operation, as shown in the Mode Select 
Table. A LOW signal on SR overrides counting and parallel 
loading and allows all outputs to go LOW on the next rising 
edge of CP. A LOW signal on PE overrides counting and 
allows information on the Parallel Data (P,) inputs to be 
loaded into the flip-flops on the next rising edge of CP. With 
PE and SR HIGH, CEP and CET permit counting when both 
are HIGH. Conversely, a LOW signal on either CEP or CET 
inhibits counting. 

The ’AC/’ACT163 uses D-type edge-triggered flip-flops and 
changing the SR, PE, CEP and CET inputs when the CP is in 
either state does not cause errors, provided that the recom- 
mended setup and hold times, with respect to the rising 
edge of CP, are observed. 


The Terminal Count (TC) output is HIGH when CET is HIGH 
and counter is in state 15. To implement synchronous multi- 
stage counters, the TC outputs can be used with the CEP 
and CET inputs in two different ways. 


Figure 1 shows the connections for simple ripple carry, in 
which the clock period must be longer than the CP to TC 
delay of the first stage, plus the cumulative CET to TC de- 
lays of the intermediate stages, plus the CET to CP setup 
time of the last stage. This total delay plus setup time sets 
the upper limit on clock frequency. For faster clock rates, 
the carry lookahead connections shown in Figure 2 are rec- 
ommended. In this scheme the ripple delay through the in- 


termediate stages commences with the same clock that, 


causes the first stage to tick over from max to min in the Up 
mode, or min to max in the Down mode, to start its final 
cycle. Since this final cycle takes 16 clocks to complete, 
there is plenty of time for the ripple to progress through the 
intermediate stages. The critical timing that limits the clock 
period is the CP to TC delay of the first stage plus the CEP 
to CP setup time of the last stage. The TC output is subject 


TO ALL STAGES 


to decoding spikes due to internal race conditions and is 
therefore not recommended for use as a clock or asynchro- 
nous reset for flip-flops, registers or counters. For such ap- 
plications, the Clocked Carry (CC) output is provided. The 
CC output is normally HIGH. When CEP, CET, and TC are 
LOW, the CC output will go LOW when the clock next goes 
LOW and will stay LOW until the clock goes HIGH again, as 
shown in the CC Truth Table. When the Output Enable (OE) 
is LOW, the parallel data outputs O9-O3 are active and 
follow the flip-flop Q outputs. A HIGH signal on OE forces 
Oo-O3 to the High Z state but does not prevent counting, 
loading or resetting. 

Logic Equations: Count Enable = CEP « CET e PE 

TC = Qo # Qy ® Qo ® Qg 9 CET 


Mode Select Table 


pole a Action on the Rising 
SR PE CET CEP Clock Edge (_-) 


Reset (Clear) 

Load (Ph — Q,) 

Count (Increment) 

No Change (Hold) 

No Change (Hold) 
H = HIGH Voltage Level 


L = LOW Voltage Level 
X = Immaterial 


State Diagram 





TL/F/9992-5 


TL/F/9932-8 


TL/F/9932-9 


FIGURE 2 
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Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
‘AC 2.0V to 6.0V 


Supply Voltage (Vcc) —0.5V to +7.0V "ACT 
DC Input Diode Current (Ix) 
V; = —0.5V 
= Vcc + 0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (Io) 
Vo = —0.5V 
Vo = Vcc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 


DC Vcc or Ground Current 
per Output Pin (icc or Ignp) +50 mA 


Storage Temperature (Tstq) “—65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT circuits outside databook specifications. 


4.5V to 5.5V 
OV to Voc 
OV to Vcc 


Input Voltage (V)) 
Output Voltage (Vo) 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


—20 mA " Junction Temperature (Ty) 


reo nih CDIP 175°C 
—0.5V to to Voo + 0.5V PDIP 140°C 


Input Rise and Fall Time (ty, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) AC Devices 
Vin from 30% to 70% of Voc 
Voc @ 3.0V 
Voc @ 4.5V 
Vcc @ 5.5V 


Input Rise and Fall Time (t,, ts) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 
Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Voc @ 4.5V 10 ns/V 
Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


—20mA 
+20 mA 


—0.5V to Voc + 0.5V —40°C to + 85°C 


—55°C to + 125°C 


+50 mA 


150 ns/V 
40 ns/V 
25 ns/V 


DC Characteristics for ’AC Family Devices 


Ta = Ta = 
—55°C to + 125°C | —40°C to + 85°C 


Guaranteed Limits 


Symbol Parameter Vee Ta = +25°C Conditions 


(V) 


Vin Minimum High Level 
Input Voltage 


Vout = 0.1V 
or Vcc — 0.1V 


Vit Maximum Low Level 
Input Voltage 


VouT = 0.1V 
or Vcc — 0.1V 


Minimum High Level 
Output Voltage 


lout = —50 pA 


*Vin = Vit or Vin 
—12mA 
low —24mA 
—24mA 


Maximum Low Level : 0.002 
Output Voltage . 0.001 
0.001 


lout = 50 pA 


"Vin = Vi or Vin 
12mA 
lo 24 mA 
24mA 


= Voc, GND 





Maximum Input 
Leakage Current 





DC Characteristics for "AC Family Devices (continued) 


mac | saac | ance 


Vcc & Ta= Ta = 
Parameter (V) a + 25°C [see eel ee we to +125°C | —40°C to + 85°C Conditions 


| ss GuaranteedLimits = Limits 


Maximum Quiescent 160.0 
Supply Current 


“All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 


Note: ly and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vcc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 





DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Vec = ; Ta = Ta = 
Symbol Parameter (V) Ta = +25°C | _ 55°C to + 125°C | —40°C to + 85°C Conditions 


Guaranteed Limits 
Minimum High Level | 4.5 1.5 2.0 Vv Vout = 0.1V 
Input Voltage 5.5 1.5 2.0 or Vcc — 0.1V 
ViL Maximum Low Level | 4.5 0.8 0.8 0.8 Vout = 0.1V 
Input Voltage ra 5 cs 8 0.8 0.8 or Vcc — 0.1V 
Minimum High Level 4. Ba louT = —50 pA 
Output Voltage Ba 49 


*Vin = Vitor Vin 
4.5 3.86 i : —24mA 
5.5 4.86 : : OH —24mA 


Maximum Low Level | 4.5 | 0.001 i lout = 50 pA 
Output Voltage 5.5 | 0.001 


*Vin = Vit or Vin 
4.5 0.36 | 24mA 
5.5 0.36 0.50 OF 24 mA 
Maximum Input Vi = Voc, GND 
+£0.1 
Leakage Current 
Maximum = Voc — 2.1V 
loc/Input 


Maximum Oe 160.0 Vin = Voc 
Supply Current or GND 


*All outputs loaded; thresholds on input associated with output under test. 
. tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics 


Parameter 


Maximum Clock 
Frequency 


Propagation Delay, CP to Q, 
(PE Input HIGH or LOW) 


Propagation Delay, CP to Qh 
(PE Input HIGH or LOW) 


Propagation Delay 
CP to TC 
Propagation Delay 
CP to TC 
Propagation Delay 
CET to TC 


Propagation Delay 
CET to TC 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


“ 


ts Setup Time, HIGH or LOW 
P,, to CP 


Hold Time, HIGH or LOW 
Pp, to CP 


Setup Time, HIGH or LOW 
SR to CP 

Hold Time, HIGH or LOW 
SR to CP 

Setup Time, HIGH or LOW 
PE to CP 

Hold Time, HIGH or LOW 
PE to CP 

Setup Time, HIGH or LOW 
CEP or CET to CP 


Hold Time, HIGH or LOW 
CEP or CET to CP 


Clock Pulse Width (Load) 
HIGH or LOW 

Clock Pulse Width (Count) 
HIGH or LOW 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


Vec* 


2.0 
1.5 


1.5 
1.5 


5 
5 


0 
2.0 
3.5 
2.0 
2.0 
1 
2 
2.0 


Ta = +25°C 
CL = 50 pF 


140 


7.5 
5.5 


8.5 
6.0 


9.5 
7.0 


11.0 
8.0 


7.5 
5.5 


8.5 
6.0 


12.5 
9.0 


12.0 
9.5 . 


15.0 
10.5 


14.0 
11.0 


9.5 
6.5 


11.0 
8.5 


Ta = +25°C 


C_ = 50 pF 


to + 125°C 
C. = 50 pF 


1.0 
1.0 


1.0 


13.5 
9.5 


12.5 


1.5 
1.0 


1.5 


1.0 9.5 1.5 


1.0 
1.0 


1.0 
1.0 


1.0 
1.0 


1.0 
1.0 


16.5 
11.0 


15.0 
11.0 


11.0 
7.5 


12.0 
9.0 


to + 125°C 
CL = 50 pF 


2.5 
2.0 


1.5 
1.0 


to + 85°C 
C._ = 50 pF 
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AC Electrical Characteristics 


74ACT 54ACT 7T4ACT 
Parameter 


Ta = —55°C Ta = —40°C 
to +125°C to +85°C 
a = 50 pF = EE = 50pF 


Ta = +28°C 
C, = 50 pF 


Min | Min Typ Max | 


Maximum Clock 
Frequency 


Propagation Delay, CP to Q, 
(PE Input HIGH or LOW) 


Propagation Delay, CP to Q, 
(PE Input HIGH or LOW) 


Propagation Delay 
CP to TC 


Propagation Delay 

CP to TC 

Propagation Delay 

CET to TC 

Propagation Delay 

CET to TC 2.0 6.0 10.0 2.0 11.0 


*Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


: Ta = —55°C 
Symbol Parameter 7 TA ee e to + 125°C 


ts Setup Time, HIGH or LOW 
PatoCe 


Hold Time, HIGH or LOW 
P, to CP 


Setup Time, HIGH or LOW 
Hold Time, HIGH or LOW 
SR to CP 
Setup Time, HIGH or LOW 40 
PE to CP z 
Hold Time, HIGH or LOW 
PE to CP 
Setup Time, HIGH or LOW 
CEP or CET to CP 
Hold Time, HIGH or LOW 
CEP or CET to CP 
Clock Pulse Width (Load) 
HIGH or LOW 
tw Clock Pulse Width 
(Count) HIGH or LOW 


*Voltage Range 5.0 is 5.0V +0.5V 





4-97 





£91 


163 


Capacitance 


- Input Capacitance 
Cpp Power Dissipation 
Capacitance 


AC/ACT 
5.0 
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Conditions 
Voc = 5.0V 


Vcc = 5.0V 





National ADVANCE INFORMATION 


Semiconductor 


54AC/74AC164 © 54ACT/74ACT 164 
Serial-in, Parallel-Out Shift Register 


General Description Features 


The 'AC/’ACT164 is a high-speed 8-bit serial-in/parallel-out_™ Asynchronous Master Reset 

shift register. Serial data is entered through a 2-input AND ~—™ ~Gated serial data input 

gate synchronous with the LOW-to-HIGH transition of the = Fully synchronous data transfers 
clock. The device features an asynchronous Master Reset 'ACT164 has TTL-compatible inputs 


which clears the register, setting all outputs LOW indepen- 
dent of the clock. 


Logic Symbols Connection Diagrams 


Pin Assignment for 
DIP, SOIC and Flatpak 


Qo OQ Q2 Qs Q4 Qs Og Q7 


TL/F/9933-1 


IEEE/IEC TL/F/9933-2 


TL/F/9933-4 


Description 


A,B Data Inputs 


CP Clock Pulse !nput (Active Rising Edge) 
MR Master Reset Input (Active LOW) 
Qo-Q7 Outputs 
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Pin Assignment 
for LCC 


Q, NC Q, NC Q 
HOWE 
ene 


cP 
MR (3) 


14 1) 7 
Q, NC Qs NC Qs 


TL/F/9933-3 





POL 
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National 
Semiconductor 


54AC/74AC169 
4-Stage Synchronous Bidirectional Counter 


General Description 


The ’AC169 is fully synchronous 4-stage up/down counter. 
The ’AC169 is a modulo-16 binary counter. It features a 
preset capability for programmable operation, carry look- 
ahead for easy cascading and a U/D input to contro! the 
direction of counting. All state changes, whether in counting 
or parallel loading, are initiated by the LOW-to-HIGH tran- 
sition of the Clock. 


Ordering Code: see Section 5 


Logic Symbol 


IEEE/IEC 


TL/F/9934-1 


Description 


Count Enable Parallel Input 
Count Enaile Trickle Input 
Clock Pulse Input 


Parallel Data Inputs 

Parallel Enable Input 
Up-Down Count Control Input 
Flip-Flop Outputs 

Terminal Count Output 





Features 

@ Synchronous counting and loading 

@ Built-In lookahead carry capability 

@ Presettable for programmable operation 
= Outputs source/sink 24 mA 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


an nm hm WwW NO 


TL/F/9934-3 


Pin Assignment 
for LCC 


Ps P> NC Py Py 
BOW) 
nn 8 


TL/F/9934-2 


(4) 65) 
Qs Q_ NC Q; Q 
TL/F/9934-4 
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TL/F/9934-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


Functional Description 


The ’AC169 uses edge-triggered J-K-type flip-flops and 
have no constraints on changing the control or data input 
signals in either state of the Clock. The only requirement is 
that the various inputs attain the desired state at least a 
setup time before the rising edge of the clock and remain 
valid for the recommended hold time thereafter. The parallel 
load operation takes precedence over the other operations, 
as indicated in the Mode Select Table. When PE is LOW, 
the data on the Po-P3 inputs enters the flip-flops on the 
next rising edge of the Clock. In order for counting to occur, 
both CEP and CET must be LOW and PE must be HIGH; the 
U/D input then determines the direction of counting. The 
Terminal Count (TC) output is normally HIGH and goes 
LOW, provided that CET is LOW, when a counter reaches 
zero in the Count Down mode or reaches 15 in the Count 
Up mode. The TC output state is not a function of the Count 
Enable Parallel (CEP) input level. If an illegal state occurs, 
the ’AC169 will return to the legitimate sequence within two 
counts. Since the TC signal is derived by decoding the flip- 
flop states, there exists the possibility of decoding spikes on 
TC. For this reason the use of TC as a clock signal is not 
recommended (see logic equations below). 


1) Count Enable = CEPeCETePE 
2) Up: TC = Qo*Qy*Q2Q3e(Up)eCET 
3) Down: TC = Qg*Q,eQoeQ3e(Down)eCET 
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Mode Select Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


State Diagrams 


= Action on Rising 
Clack Edae 


Load (Pp, to Qy) 

Count Up (Increment) 
Count Down (Decrement) 
No Change (Hold) 

No Change (Hold) 


-- = Count Down 
—* Count Up 


TL/F/9934-6 
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Absolute Maximum Rating (note 1) 


(f Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 


Recommended Operating 
Conditions 


Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) 

DC Input Diode Current (Ij) 
VI 
Vv; = 


Supply Voltage (Vcc) 
‘AC 
—0.5V to +7.0V "ACT 


Input Voltage (V)) 


—20 mA Output Voltage (Vo) 


+20 mA 


2.0V to 6.0V 
4.5V to 5.5V 


OV to Voc 
OV to Vcc 


DC Input Voltage (V)) 

DC Output Diode Current (lox) 
Vo = —0.5V 
Vo = Voc + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (Io) 


DC Voc or Ground Current 
per Output Pin (loc or Ignp) +50 mA 


Storage Temperature (Tstq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. Nationa! does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—0.5V to Voc + 0.5V 


—20 mA 
+20 mA 


—0.5V to to Voc + 0.5V 


£50 mA ~ 


Operating Temperature (Ta) 
74AG/ACT 
54AC/ACT 

Junction Temperature (Ty) 
CDIP 175°C 
PDIP 140°C 


—40°C to + 85°C 
—55°C to + 125°C 


_ Input Rise and Fall Time (tr, t) 


(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 
Voc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t,, t) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 
Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2,0V 
Voc @ 4.5V 10 ns/V 
Vcc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


150 ns/V 
‘40 ns/V 
25 ns/V 


DC Characteristics for "AC Family Devices 


vanc | aac | 74AC 


Vec = . Ta= Ta = 
Symbol) “Parameter Ta= 7250 | _secto +125 | —40°C to +85°C 


Minimum High Level 1.5 2.1 


Input Voltage E 3.15 


Maximum Low Level 
Input Voltage 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 


3.0 
4.5 
5.5 


Maximum Input 
Leakage Current 


Conditions 


Guaranteed Limits 


2.1 Vout = 0.1V 
3.15 -| or Voc — 0.1V 
3.85 


Vout = 0.1V 
or Vcc — 0.1V 


louT = —50 pA 


*Vin = Vit OF Vin 
-—12mA 
lon —24mA 
—24mA 


lout = 50 pA 


*Vin = Vir or Vin 
12mA 
lo. 24mA 
24mA 
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DC Characteristics for "AC Family Devices (Continueq) 


vanc | sanc | 74a 


Ta= Ta= Ta = 
Reromerey —55°C to + 125°C | —40°C to +85°C oneinone 


Guaranteed Limits 
tMinimum Dynamic 2} | _2__}_4_} =. Voup = 1.65V Max 
Maximum Quiescent 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 


Note: lin and Icc¢ @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


AC Electrical Characteristics 


74AC169 54AC169 74AC169 
Parameter 


Ta = —55°C Ta = —40°C 
to + 125°C to +85°C 
C_ = 50 pF 


TA +25°C 


Min | Min Typ Max Max 


Maximum Clock 118 
Frequency pe 154 
Propagation Delay 


CP to Q, 
(PE HIGH or LOW) 


Propagation Delay 
CP to Qn 2.5 105 145 


(PE HIGH or LOW) 1.5 7.5 mae : : : 
Propagation Delay ie 18.0 1.0 22.0 3.5 
CP to 1G 13.0 1.0 16.0 2.0 
Propagation Delay . 18.0 1.0 22.0 3.0 
CP to TC 13.0 1.0 16.0 2.0 
Propagation Delay 1 . 15.0 1.0 18.5 3.0 
CET to TC 10.5 1.0 13.0 2.5 
Propagation Delay 3.0 9.5 12.5 1.0 16.0 2.5 
CET to TC 9.0 1.0 11.0 
Propagation Delay : 1. "4 15.0 1.0 18.5 

U/D to TC 10.5 1.0 13.0 
Propagation Delay - ; 13.5 1.0 16.5 

U/D to TC 9.5 1.0 : 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


2.5 9.5 13.0 
1.5 7.0 








4-103 


169 


AC Operating Requirements 


74AC169 54AC169 74AC169 
Symbol Parameter 


Ta = +25°C TAS eee 
eke to + 125°C 
EP C. = 50 pF 


| typ | Guaranteed Minimum 
Setup Time, 
HIGH or LOW . 
Pp, to CP . : 
Hold Time, HIGH or LOW 1.5 0.5 
P, to CP 0.5 1.5 
Setup Time, 
HIGH or LOW oe oe os 
CEP to CP : : 
Hold Time, HIGH or LOW 4.5 
CEP to CP 2.0 
Setup Time, 


HIGH or LOW 
CET to CP 


Hold Time, HIGH or LOW 
CET to CP 


Setup Time, 


HIGH or LOW 
PE to CP 


Hold Time, HIGH or LOW 3.5 
PE to CP 1.5 


Setup Time, 
HIGH or LOW 
U/D to CP 


Hold Time, HIGH or LOW 7.0 
U/D to CP 4.0 
CP Pulse Width, 

HIGH or LOW 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is §.0V +0.5V 


Capacitance 


EY Sac “tt ssl ewe 
Parameter 


| InputCapacitance __ Capacitance = Voc = 5.0V 


Power Dissipation 
Voc = 5.0V 
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National 
Semiconductor 


54AC/74AC174 ¢ 54ACT/74ACT 174 
Hex D Flip-Flop with Master Reset 


General Description Features 


The ’AC/'ACT174 is a high-speed hex D flip-flop. The de- | Outputs source/sink 24 mA 
vice is used primarily as a 6-bit edge-triggered storage regis- mm 'ACT174 has TTL-compatible inputs 


ter. The information on the D inputs is transferred to storage 
during the LOW-to-HIGH clock transition. The device has a 
Master Reset to simultaneously clear all flip-flops. 


Ordering Code: see Section 5 
Logic Symbols 
KEEE/IEC 


Dy Dy Dy Dy Ds Dy Ds 


Q OQ; O Q2 Q3 & Qs 


TL/F/9935-1 


7 TL/F/9935-2 
Pin Names Description 


Datla Inpuis 

Clock Pulse Input 
Master Reset Input 
Outputs 
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Connection Diagrams 


Pin Assignment 


for DIP, 


on oO nrk Whe = 


Flatpak and SOIC 


TL/F/9935-3 


LWolettetetentetetd 
FAQ gisiwise 


for LCC 


Dy Q) NC Dy Dy 
ara EC 


G8 .8.8 
14 
Ds Q, NC D, Ds 
TL/F/9935-4 





PLL 
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Functional Description 


The ’AC/’ACT174 consists of six edge-triggered D flip-flops 
with individual D inputs and Q outputs. The Clock (CP) and 
Master Reset (MR) are common to all flip-flops. Each D 
input's state is transferred to the corresponding flip-flop’s 
output following the LOW-to-HIGH Clock (CP) transition. A 
LOW input to the Master Reset (MR) will force all outputs 
LOW independent of Clock or Data inputs. The *AC/ 
*ACT174 is useful for applications where the true output 
only is required and the Clock and Master Reset are com- 
mon to all storage elements. 


Logic Diagram 


Truth Table 


HIGH Voltage Level 
LOW Voltage Level 
= Immaterial 
~~ = LOW-to-HIGH Transition 


TL/F/9935-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (note 1) Recommended Operating 


lf Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 


Office/Distributors for availability and specifications. av Voltage (Vcc) 


2.0V to 6.0V 

Supply Voltage (Vcc) —0.5V to +7.0V ‘ACT 4.5V to 5.5V 

DC Input Diode Current (I)x) Input Voltage (Vj) OV to Voc 

v 5 Coey —20 mA Output Voltage (Vo) OV to Voc 
pc Aleks cath Operating Temperature (Ta) 

DC Input Voltage (V)) ~0.5V to Voc + 0.5V DiKG ver A Leon tacts 

DC Output Diode Current (lox) 54AC/ACT —55°C to + 125°C 

Vo = —0.5V —20mA : 

Vo = Veo + 0.5V +20 mA gap Tomperaure<Ts) ; ae 
DC Output Voltage (Vo) —0.5V to to Voc + 0.5V PDIP 140°C 
DC Output Source Input Rise and Fall Time (t,, t)) 

or Sink Current (Io) +50 mA (Note 2) (Typical) 

DG Vcc or Ground Current (Except Schmitt Inputs) "AC Devices 
per Output Pin (Ico or Iqnp) +50mA Vin from 30% to 70% of Vcc 
N 
Storage Temperature (Tstq) —65°C to + 150°C Voc @ 3.0V 150 ns/V 
Note 1: Absolute maximum ratings are those values beyond which damage Vec @ 4.5V 40 ns/V 
to the device may occur. The databook specifications should be met, without Vcc @ 5.5V 25 ns/V 
exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (¢ t) 
temperature, and output/input loading variables. National does not recom- Note 2) (Typical " 
mend operation of FACT™ circuits outside databook specifications. een is ts) ‘ACT Devices 
x! Uu Vi 
VIN from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Voc @ 4.5V 10 ns/V 
Vcc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. . 


DC Characteristics for AC Family Devices 













mac | 4A | AAC 
Vec Ta = Ta = ot 
bol P. = +25 
Symbo arameter (V) Ta 25°C | _ 55°C to +125°C | —40°C to +85°C Conditions 
Typ Guaranteed Limits 
Vin Minimum High Level 1.5 2.1 2.1 2.1 Vout = 0.1V 
Input Voltage 2.25 3.15 3.15 3.15 or Vcc — 0.1V 
2.75 | 3.85 3.85 3.85 
Vit Maximum Low Level 1.5 0.9 0.9 0.9 Vout = 0.1V 
Input Voltage 2.25 1.35 1.35 1.35 or Vcc — 0.1V 
2.75 1.65 1.65 1.65 
Vou Minimum High Level | 3.0 2.99 2.9 2.9 lout = —50 pA 
Output Voltage 4.5 4.49 4.4 4.4 
5.5 





5.49 5.4 5.4 

“Vin = Vitor Vin 

2.56 2.4 —12mA 

3.86 3.7 lou —24mA 

4.86 4.7 —24mA 

Maximum Low Level | 3.0 | 0.002 | 0.1 0.1 lout = 50 pA 

Output Voltage 4.5 | 0.001 0.1 0.1 
5.5 | 0.001 0.1 0.1 


"Vin = Vitor Vin 
3.0 0.36 0.50 0.44 12mA 
45 0.36 0.50 0.44 lot 24 mA 
5.5 0,36 0.50 0.44 24mA 
Maximum Input Vi = Voc, GND 
Leakage Current jes] feet] to we 
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DC Characteristics for "AC Family Devices (continued 


| mac | saac | aac 


Ta = Ta = 
a to + 125°C | —40°C to +85°C 


| ss GuaranteedLimits = si Limits 


74AC 


— + 25°C 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 


Note: li and icc @ 3.0V are guaranteed to be fess than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT a 


Farometer ee eee + 125°C eagle el to +85C 


| ss GuaranteedLimits | Limits 
Minimum High Level 
Input Voltage 
VIL Maximum Low mre 
Input Voltage 
3.86 


Minimum High Level 4, EA 
Output Voltage EA 49 
3.70 3.76 
4.86 4.70 4.76 
ca 001 0.1 
eR 001 0.1 
4.5 0.36 0.50 0.44 
5.5 0.36 0.50 aa 44 
lin Maximum Input +01 
Leakage Current 
loct Maximum: aA 
Ioc/Input oi 
Minimum Dynamic 
Output Current 


Maximum Quiescent 

Supply Current 
*All outputs loaded; thresholds on input associated with output under test. 
+Maximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 


Symbol! 


Maximum Low males 
Output Voltage 





loLo 
ote 
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Conditions 


Conditions 


Vout = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Voc — 0.1V 


lout = —50 pA 


*Vin = Vitor Vin 
—24mA 


loH ~24mA 


| w|i = 50 pA 


EP bs = Vit or Vin 
24mA 
24mA 


wa | = Vcc, GND 


lot 


Ea Voc — 2.1V 


VoLp = 1.65V Max 
VoHb = 3.85V Min 


Vin = Voc 
or GND 





AC Electrical Characteristics 


Parameter 


Min Typ Max 

Maximum Clock 90 100 Hie 

Frequency 100 125 100 
Propagation Delay 11.5 14.0 bs . 
CP to Qn : ; 8.5 i 10.5 5 
Propagation Delay 8.5 11.0 1.0 13.0 bes . 
CP to Qp, 6.0 8.0 1.0 10.0 

Propagation Delay . ; 11.5 1.0 13.5 re : 12.5 
MR to Q, 9.0 1.0 11.0 10.5 

*Voltage Range 3.3 is 3.3V £0.3V 


Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


Vcc* 
Parameter 
(V) 


Ta= 4256 | Rt aa50 
C, = 50 pF 


C. = 50 pF 


| Typ | Guaranteed Minimum 
Setup Time, HIGH or LOW 2.5 7.5 7.0 |. 
D, to CP 2.0 5.5 5.5 
Hold Time, HIGH or LOW 3.0 
Dp, to CP 3.0 


CP Pulse Width 


MR Pulse Width, LOW 1.0 7.0 7.0 
1.0 5.0 5.0 


Recovery Time 
MR to CP 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


AC Electrical Characteristics 


oe Ta = —55°C 
Parameter to + 125°C 
ee aa = 50pF 
Min Typ 


Maximum Clock 
Frequency 


Propagation Delay 
CP toQ, 1.5 7.0 10.5 1.5 11.5 
Propagation Delay 
CP toQ, 1.5 7.0 10.5 1.5 11.5 
Propagation Delay 
MR to Qn, 1.5 6.5 9.5 1.0 12.0 1.5 11.0 


"Voltage Range 5.0 is 5.0V +0.5V 
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AC Operating Requirements 


Vec* 
(V) 


Ta = —55°C 
to + 125°C 
C, = 50 pF 


Ta = +25°C 


Parameter CL = 50 pF 


Guaranteed Minimum 
Setup Time, HIGH or LOW 
Dn to CP | so | os | 1s | so | ts | me | 
Hold Time, HIGH or LOW 
Dy, to CP 


MR Pulse Width, LOW 


CP Pulse Width, HIGH OR LOW 


Recovery Time 
MR to CP 
*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


Parameter AC/ACT ponte | Conditions 
InputCapacitance | 45 | PF | Vo = 5.0V 
C 
} so | : 


Power Dissipation 2 
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National 
Semiconductor 


54AC/74AC175 @ 54ACT/74ACT175 


Quad D Flip-Flop 


General Description 

The ’AC/’ACT175 is a high-speed quad D flip-flop. The de- 
vice is useful for general flip-flop requirements where clock 
and clear inputs are common. The information on the D 
inputs is stored during the LOW-to-HIGH clock transition. 
Both true and complemented outputs of each flip-flop are 
provided. A Master Reset input resets all flip-flops, indepen- 
dent of the Clock or D inputs, when LOW. 


Ordering Code: see Section 5 


Logic Symbols 


Q %  Q A Q2 Qs Q; 


TL/F/9936-1 


TL/F/9936-2 


Data Inputs 

Clock Pulse Input 
Master Reset Input 
True Outputs 
Complement Outputs 


Features 

m Edge-triggered D-type inputs 

@ Buffered positive edge-triggered clock 
@ Asynchronous common reset 

m True and complement output 

m@ Outputs source/sink 24 mA 

gw ’ACT175 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


1 

2 
3 
4 
5 
6 
7 
8 


TL/F/9936-3 


Pin Assignment 
for LCC 


Qy Dy NC Dy Oy 
BOA 


4) f) 
Q, Dy NC Ds Os 
TL/F/9936-4 
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Functional Description 


The ’AC/*ACT175 consists of four edge-triggered D flip- 
flops with individual D inputs and Q and Q outputs. The 
Clock and Master Reset are common. The four flip-flops will 
store the state of their individual D inputs on the LOW-to- 
HIGH clock (CP) transition, causing individual Q and Q out- 
puts to follow. A LOW input on the Master Reset (MR) will 
force all Q outputs LOW and Q outputs HIGH independent 
of Clock or Data inputs. The "AC/’ACT175 is useful for gen- 
eral logic applications where a common Master Reset and 
Clock are acceptable. 


Logic Diagram 


Truth Table 


H = HIGH Voltage Level 

L = LOW Voltage Level 

th = Bit Time before Clock Pulse 
tn+1 = Bit Time after Clock Pulse 


Q% Q% 
TL/F/9936~5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (I)x) 
V; = —0.5V 
Vi = Veco + 0.5V 
DC Input Voltage (V;) 


DC Output Diode Current (Io) 
Vo = —0.5V 
Vo = Vcc + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 


—20mA 
+20mA 


—0.5V to Vcc + 0.5V 


—20 mA 
+20 mA 


—0.5V to to Voc + 0.5V 


Recommended Operating 
Conditions 


Supply Voltage (Vcc) 


"AC 
"ACT 
Input Voltage (V)) 


Output Voltage (Vo) 
Operating Temperature (Ta) 


74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 


CDIP 
PDIP 


Input Rise and Fall Time (t,, tp) 


or Sink Current (Io) 


DC Voc or Ground Current 
per Output Pin (Icc or Iqnp) 


Storage Temperature (Tstg) 


+50 mA (Note 2) (Typical) 


(Except Schmitt Inputs) "AC Devices 


+50 mA 
—65°C to + 150°C 


Vin from 30% to 70% of Vcc 
Vcc @ 3.0V 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


Voc @ 4.5V 
Voc @ 5.5V 


2.0V to 6.0V 
4.5V to 5.5V 


OV to Vcc 
OV to Vcc 


— 40°C to + 85°C 
—§5°C to + 125°C 


175°C 
140°C 


150 ns/V 
40 ns/V 
25 ns/V 


Input Rise and Fall Time (t,, t¢ 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 


Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 

Voc @ 4.5V 

Voc @ 5.5V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 


typical input rise and fall times noted here. 


DC Characteristics for "AC Family Devices 


Vcc 
(V) 


Symbol Parameter 


Vin Minimum High Level 3.0 
Input Voltage 4.5 
5.5 


Vit Maximum Low Level | 3.0 
Input Voltage 4.5 
5.5 


Minimum High Level | 3.0 
Output Voltage 4.5 


Maximum Low Level 
Output Voltage 


5.5 
Maximum Input 
Leakage Current 


74nC —— ae _ ae 


Ta = 
ey e +125°C | —40°Cto + 85°C 


Guaranteed Limits 


a 2.1 2.1 
2.25 3.15 3.15 
2.75 3.85 3.85 


1.5 0.9 0.9 
2.25 1.35 1.35 
2.75 1.65 1.65 


2.99 2.9 
4.49 4.4 
5.49 5.4 


2.4 
3.7 
4.7 


0.002 | 0.1 0.1 
0.001 0.1 0.1 
0.001 0.1 0.1 


0.36 0.50 
0.36 0.50 
0.36 0.50 
| json] sto 
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Conditions 


Vout = 0. iV 
or Voc — 0.1V 


VouT = 0.1V 
or Vcc — 0.1V 


louT = —50 pA 


*Vin = Vit or Vin 
-—12mA 
lou —24mA 
—24mA 


lout = 50 pA 


"Vin = Vit or Vin 
12 mA 
loL 24mA 
24mA 
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DC Characteristics for AC ee Devices (Continued) 


Parameter = +25°C 
Sta 


—55°C aT ae + 125°C | —40°C to + 85°C 


| ss GuaranteedLimits = Limits 


+ Minimum Dynamic 7 eS ae TC 
Output Current fs5; | | | 75m 


Maximum Quiescent 55 A 
Supply Current i 


80.0 
*All outputs loaded; thresholds on input associated with output under test. 
+Maximum test duration 2.0 ms, one output loaded at a time. 
Note: iy and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
Ioc for 54AC @ 25°C is identical to 74AC @ 25°C. , 


| 74acT 


Ta = tas 4250, 


3.86 
4.86 


0.001 
0.001 


Maximum Low Level 
Output Voltage 


Maximum Input 
Leakage Current 
Maximum 
Ioc/Input 
tMinimum Dynamic 
Output Current 


Maximum Quiescent 
Supply Current 


5 
5 
5.5 
4.5 
5.5 


| 56 | 


0.50 
0.50 


DC Characteristics for "ACT “ae Devices 
54ACT 74ACT 
Yoo | t4= +250, 
Symbol Parameter (V) —55°C to + 125°C te are ae tee to +85°C 
Guaranteed | = GuaranteedLimits si 
ViL ‘Maximum Low revel: 0.8 0.8 
Input Voltage 0.8 0.8 
Minimum High Level | 4.5 | 4.49 4.4 4.4. 
5. 5.4 5.4 
4. : 
0.1 0.1 
0.1 0.1 
0.44 
0.44 


Ta = Ta = 
Minimum High Level 2.0 2.0 Vv 
Input Voltage 2.0 2.0 
Output Voltage 5.49 
3.70 3.76 
4.70 4.76 
0 





Vv 

Vv 

Vv 
pA 


3 


mo 
| a |i 
a a 
3 3 
[aie] 3 | 


N“N 
n 


> 


34) = aa 
=) c Ss 
N 
oO 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc¢ for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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Conditions 


VoLp = 1.65V Max 
VoHb = 3.85V Min 





Conditions 


Vout = 0.1V 
or Voc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


lout = —50 pA 


*Vin = Vit or Vin 
—24mA 


—24mA 
50 pA 


IOH 


lout = 


*Vin = Vic or Vin 
24mA 
24mA 


Vi = Voc, GND 


lot 


= 


= Vcc — 2.1V 


VoLp = 1.65V Max 
VoHD = 3.85V Min 


Vin = Voc 
or GND 





AC Electrical Characteristics 


Ta = —55°C Ta = —40°C 
Parameter to + 125°C to + 85°C 


Maximum Clock 
Frequency 


Propagation Delay 
CP to Qp, or Qh 


Propagation Delay . 13.0 1.0 ; 2.0 
CP to Q, or OQ, : d 1.0 : 1.5 


Propagation Delay : 12.5 1.0 : 2.5 
MR to Q, : 9.0 1.0 : 1.5 


Propagation Delay : 11.0 1.0 ‘ 2.5 
MR to O, : 1.0 ; 1.5 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 





AC Operating Requirements 








Le Riees Ta = —55°C | Ta = —40°C 
o ss ata to + 125°C to + 85°C 
L P CL=50pF | C, = 50pF 


Vec 
Parameter 
(V) 
Guaranteed Minimum 
Setup Time, HIGH or LOW 3.3 2.0 5.0 4.5 
Dn to CP 5.0 1.0 3.5 * 3.0 
Hold Time, HIGH or LOW 3.3 1.0 1.0 2.0 1.0 
Dy, to CP 5.0 1.0 1.0 2.5 1.0 
























CP Pulse Width 
HIGH or LOW 


MR Pulse Width, LOW ‘| 


tw 


Recovery Time 
MR to CP 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 
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AC Electrical Characteristics 


=. ° Ta = —55°C 
Parameter ie Ta “et Siete to + 125°C 


Maximum Clock 
Frequency 
Propagation Delay 


CP to Q, or On 


Propagation Delay 
CP to Q, or On 


Propagation Delay 

MR to Qn 

Propagation Delay 

MA to On 1.0 11.0 1.5 10.5 


*Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


74ACT 54ACT 74ACT 
Vcc* 
Parameter 
(V) 


Ta = —55°C 


Th Seo to + 125°C 


C. = 50 pF C. = 50 pF 


| Typ | Guaranteed Minimum 
Setup Time 2.0 
D, to CP 2.5. 
Hold Time, HIGH or LOW 15 
Dy, to CP : 
CP Pulse Width ie 
HIGH or LOW 


| MRPulsewidtn.tow | 50 | 40 | 30 | 50 | 40 | ns _| 
| RecoveryTimeMAtocr | so | o | o | +15 | oo | ns 


*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


Cpp Power Dissipation 45.0 oF Voc = 5.0V 
Capacitance 
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National ADVANCE INFORMATION 


Semiconductor 


54ACT/74ACT181 
4-Bit Arithmetic Logic Unit 


General Description Features 


The 'ACT181 is a 4-bit Arithmetic Logic Unit (ALU) which &™ Full lookahead for high-speed arithmetic operation on 


can perform all the possible 16 logic operations on two vari- long words 
ables and a variety of arithmetic operations. 


Logic Symbols 


1EEE/IEC 
Active-HIGH Operands 


(0...15) CPP 
Ag Bo Ay By Ag By Ag Bs 
nA Coes 


car 
-_—o- 
5 
— 


ce 
- 
Ls) 
— 


TL/F/9938-1 


La) 


Ay 
; @) 
A 


Active-LOW Operands 


ot Ag By Ay By Ap By Ax Bs ‘: 1. TL/F/9938-4 


ned 


ol 
aw 
Qo uv 


A Operand Inputs (Active LOW) 

B Operand Inputs (Active LOW) 
Function Select Inputs 

Mode Control Input 

Carry Input 

Function Outputs (Active LOW) 
Comparator Output 

Carry Generate Output (Active LOW) 
Carry Propagate Output (Active LOW) 
Carry Output 
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@ ’ACT181 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 


for DIP, SOIC and Flatpak 


oon ounrtkt wan = 


—_ > 
no =- Oo 


TL/F/9938-3 


Pin Assignment 
for LCC 
Fo M C,NC Sp Sy Sy 
ADH e) 
[tel Dal bel et eel bt | 


a8 ,8 8 
(3) BO 2d eS Ba Be 
Creg 6 Bz NC Az B, A 
TL/F/9938-5 
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National ADVANCE INFORMATION 
Semiconductor 


54ACT/74ACT182 
Carry Lookahead Generator 


General Description Features 
The ‘ACT182 is a high-speed carry lookahead generator. m Provides lookahead carries across a group of four 
ALUs 
@ Multi-level lookahead high-speed arithmetic operation 
over long word lengths 
@ 'ACT182 has TTL-compatible inputs 


Logic Symbols Connection Diagrams 


Pin Assignment 
IEEE/IEC for DIP, Flatpak and SOIC 


Crex Cosy Crsz C, 


Cosy 


G 


nex 


TL/F/9939-4 


on nur wan 


Chez 


TL/F/9939~2 


TL/F/9939-1 Pin Assignment 
for LCC 


P, Gy NC Py G 
Description cn ee 


Carry Input “ ) i 

Carry Generate Inputs (Active LOW) GP, 
Carry Generate Input (Active LOW) ai 
Carry Generate Input (Active LOW) Voc 
Carry Propagate Inputs (Active LOW) fF, 
Carry Propagate Input (Active LOW) 

Carry Propagate Input (Active LOW) Oe) 

Carry Outputs Coty Grex NC C, G 

Carry Generate Output (Active LOW) TL/F/9939-3 
Carry Propagate Output (Active LOW) 


GQ ©) O_O 
° s 
a 
nN) 


wo — 


PO, Py 


TW al_O a wi 
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National 
Semiconductor 


54AC/74AC191 
Up/Down Counters with Preset and Ripple Clock 


General Description 


The ’AC191 is a reversible modulo 16 binary counter. It fea- 
tures synchronous counting and asynchronous presetting. 
The preset feature allows the ’AC191 to be used in pro- 
grammable dividers. The Count Enable input, the Terminal 
Count output and the Ripple Clock output make possible a 
variety of methods of implementing multistage counters. In 
the counting modes, state changes are initiated by the rising 
edge of the clock. 


Ordering Code: see Sections 
Logic Symbols 


IEEE/IEC 
CTRDIVI6 


M2 [DOWN] 2(CT=0)z6 


TL/F/9940-1 


Features 

@ High speed—133 MHz typical count frequency 
@ Synchronous counting 

mw Asynchronous parallel load 

m Cascadable 

m@ Outputs source/sink 24 mA 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


3(CT=9)Z6 


an our won 


L6h 


tas 


bs—| 1°) 


TL/F/9940-2 
Pin Names Description 


Count Enable Input 
Clock Pulse Input 
Parallel Data Inputs 


TL/F/9940-3 


Pin Assignment 
for LCC 
Q, U/D NC CE Q 
BE) 4 
Bahia 


Asynchronous Parallel Load Input 
Up/Down Count Control Input 
Flip-Flop Outputs 

Ripple Clock Output 

Terminal Count Output 





a8,.8.8 

Et of 

PL TC NC RC CP 
TL/F/9940-4 
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Functional Description 


The ’'AC191 is a synchronous up/down counter. The 
*AC191 is organized as a 4-bit binary counter. It contains 
four edge-triggered flip-flops with internal gating and steer- 
ing logic to provide individual preset, count-up and count- 
down operations. 


Each circuit has an asynchronous parallel load capability 
permitting the counter to be preset to any desired number. 
When the Parallel Load (PL) input is LOW, information pres- 
ent on the Parallel Load inputs (Pp—P3) is loaded into the 
counter and appears on the Q outputs. This operation over- 
rides the counting functions, as indicated in the Mode Se- 
lect Table. 


AHIGH signal on the CE input inhibits counting. When CE is 
LOW, internal state changes are initiated synchronously by 
the LOW-to-HIGH transition of the clock input. The direction 
of counting is determined by the U/D input signal, as indi- 
cated in the Mode Select Table. CE and U/D can be 
changed with the clock in either state, provided only that the 
recommended setup and hold times are observed. 


Two types of outputs are provided as overflow/underflow 
indicators. The terminal count (TC) output is normally LOW. 
It goes HIGH when the circuits reach zero in the count down 
mode or 15 in the count up mode. The TC output will then 
remain HIGH until a state change occurs, whether by count- 
ing or presetting or until U/D is changed. The TC output 
should not be used as a clock signal because it is subject to 
decoding spikes. 


The TC signal is also used internally to enable the Ripple 
Clock (RC) output. The RC output is normally HIGH. When 
CE is LOW and TC is HIGH, RC output wil go LOW when the 
clock next goes LOW and will stay LOW until the clock goes 
HIGH again. This feature simplifies the design of multistage 
counters, as indicated in Figures A and B. |In Figure A, each 
RC output is used as the clock input for the next higher 
stage. This configuration is particularly advantageous when 
the clock source has a limited drive capability, since it drives 
only the first stage. To prevent counting in all stages it is 
only necessary to inhibit the first stage, since a HIGH signal 
on CE inhibits the RC output pulse, as indicated in the RC 
Truth Table. A disadvantage of this configuration, in some 
applications, is the timing skew between state changes in 
the first and last stages. This represents the cumulative de- 
lay of the clock as it ripples through the preceding stages. 


A method of causing state changes to occur simultaneously 
in all stages is shown in Figure 8. All clock inputs are driven 
in parallel and the RC outputs propagate the carry/borrow 
signals in ripple fashion. In this configuration the LOW state 
duration of the clock must be long enough to allow the neg- 
ative-going edge of the carry/borrow signal to ripple through 
to the last stage before the clock goes HIGH. There is no 
such restriction on the HIGH state duration of the clock, 
since the RC output of any device goes HIGH shortly after 
its CP input goes HIGH. 


The configuration shown in Figure C avoids ripple delays 
and their associated restrictions. The CE input for a given 
stage is formed by combining the TC signals from all the 
preceding stages. Note that in order to inhibit counting an 
enable signal must be included in each carry gate. The sim- 
ple inhibit scheme of Figures A and 8 doesn’t apply, be- 
cause the TC output of a given stage is not affected by its 
own CE. 





Mode Select Table 


Count Up 

Count Down 
Preset (Asyn.) 

No Change (Hold) 


*TC is generated internally 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

~~ = LOW-to-HIGH Transition 


State Diagram 


COUNT UP———> 
COUNT DOWN: - > 
TL/F/9940-5 





Functional Description (Continued) 


DIRECTION 
CONTROL 


FIGURE A. N-Stage Counter Using Ripple Clock 


DIRECTION 
CONTROL 


FIGURE B. Synchronous N-Stage Counter Using Ripple Carry/Borrow 


DIRECTION 
CONTROL 


ENABLE 


FIGURE C. Synchronous N-Stage Counter with Parallel Gated Carry/Borrow 
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TL/F/9940-7 


TL/F/9940-~8 


TL/F/9940-9 
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Logic Diagram 


bait 


Lae HL CLOCK 1 fe = 7 as CLOCK K 
° ee ae ° 0 ag os ° 0 or par 0 O|PRESET CLEAR}O 
Q Q 


VV V \/ V/ 





RC TC Qo Q, Q2 Qs; 
TL/F/9940-6 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (Ix) 
V, = —0.5V 
Vi = Voc + 0.5V 
DC Input Voltage (Vj) 
DC Output Diode Current (lox) 
Vo = —0.5V 
Vo = Vcc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Vcc or Ground Current 
per Output Pin (Icc or Ignp) +50 mA 
Storage Temperature (Tstc) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, output/input loading variables. National does not recommend 
operation of FACT™ circuits outside databook specifications. 


—20mA 
+20 mA 


—0.5V to Voc + 0.5V 


+20 mA 
—0.5V to to Voc + 0.5V 


+50 mA 


—20mA. 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
Input Voltage (Vj) 
Output Voltage (Vo) 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 

Junction Temperature (Ty) 
CDIP 
PDIP 

Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 


(Except Schmitt Inputs) "AC Devices 


Vin from 30% to 70% of Vcc 
Voc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 


(Except Schmitt Inputs) "ACT Devices 


Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 

Voc @ 4.5V 

Voc @ 5.5V 


2.0V to 6.0V 
OV to Vcc 
OV to Voc 


— 40°C to + 85°C 
— 55°C to + 125°C 


175°C 
140°C 


150 ns/V 
40 ns/V 
25ns/V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 


typical input rise and fall times noted here. 


DC Characteristics for "AC aan Devices 


| 74ac | 


Vcc 
(V) 


Symbol Parameter ~ 2. = +25°C 


Vin Minimum High Level 
Input Voltage 


VIL Maximum Low Level 
Input Voltage 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 


Ta= 
—55°C to + 125°C | —40°C to + 85°C 


Guaranteed Limits 


2.1 
3.15 
3.85 


0.9 
1.35 


Maximum Input 
+0. aed +1. 
Leakage Current fs] [aor | sto | sto 
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pA 


Conditions 


Vout = 0.1V 
orVcco — G.iV 


Vout = 0.1V 
or Vcc — 0.1V 


louT = —50 pA 


*Vin = Vitor Vin 
—12mA 
lOH —24mA 
—24mA 


lout = 50 pA 


“Vin = Vitor Vin 
12mA 
lot 24mA 
24mA 


Vi = Voc, GND 
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DC Characteristics for "AC Family Devices (continued 


vac | s4ac | 74a | 
Vec _ . Ta = Ta = F 
Parameter (V) Ta= +28C | _ 55°C to +125°C | —40°C to + 85°C _ Conditions 
Typ 


| Typ | Guaranteed Limits 
TMinimum Dynamic aa ee 75 VoL_p = 1.65V Max 
CupurGurent tes] | | 80 | =75 ma | Von = 3.85 Min 


Maximum Quiescent 
Supply Current ss} | 20 | two | ooo | a 


*All outputs loaded; thresholds on input associated with output under test. 
+Maximum test duration 2.0 ms, one output loaded at a time. 


Note: Ii and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vcc. 
Icc for 54AC @ 25°C is identical to 74AC @ 25°C. 


AC Electrical Characteristics 


Ta = —55°C 
to + 125°C 
C, = 50 pF 


Min Typ Max | Min Max | Min Max | 
70 105 55 
90 133 80 
2.0 8.5 15.0 1.0 16.5 1.5 16.0 
11.0 1.0 12.0 1.5 12.0 
2.5 8.5 14.5 1.0 16.0 2.0 16.0 
1.5 6.0 10.5 1.0 12.0 1.5 11.5 
Propagation Delay 3.5 10.5 18.0 1.0 19.5 2.5 20.0 
CP to TC 2.5 7.5 12.0 1.0 14.0 1.5 14.0 
Propagation Delay 3.3 4.0 10.5 17.5 1.0 19.0 3.0 19.0 
CP to TC 5.0 2.5 7.5 12.5 1.0 14.5 2.0 13.5 
3.3 2.5 7.5 12.0 1.0 14.0 2.0 13.5 
0 


5.0 2.0 5.5 9.5 1.0 10.5 1. 10.5 


3.3 2.5 7.0 11.5 1.0 12.5 2.0 12.5 
5.0 1.5 5.0 8.5 1.0 9.5 1.0 9. 


3.3 2.5 7.0 12.0 1.0 14.0 1.5 13.5 
5.0 1.5 5.0 8.5 1.0 10.0 1.0 9.5 


2.0 6.5 11.0 1.0 12.5 15 12.5 - js 


Symbol Parameter 





Maximum Count 
Frequency 


< 
-_ 

° 
So, 


Propagation Delay 
CP to Qn 


Propagation Delay 
CP to Qn 


Propagation Delay 
CP to RC 


Propagation Delay 
CP to RC 


Propagation Delay 
CE to RC 


Propagation Delay 
CE to RC 


Propagation Delay 
U/D to RC 


5 

1.5 5.0 8.0 1.0 9.5 1.0 9.0 

2.5 6.5 12.5 1.0 14.5 2.0 14.5 
0 


1.5 5.0 9.0 1.0 11.0 1. 10.0 
Propagation Delay 2.5 7.0 12.0 1.0 15.0 2.0 13.5 
U/DtoRC . 1. 5.0 8.5 1.0 11.0 1.0 10.0 


5 
Propagation Delay 2.0 7.0 11.5 1.0 14.0 1.5 13.5 
U/D to TC 1.5 5.0 8.5 1.0 13.5 1.0 9.5 
Propagation Delay 2.0 6.5 11.0 1.0 13.5 1.5 12.5 
U/D to TC 1.5 5.0 8.5 1.0 10.0 1.0 9.5 
Propagation Delay 2.5 8.0 13.5 1.0 16.5 2.0 15.5 
Py to Qn, 2.0 5.5 9.5 1.0 11.5 1.0 10.5 
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AC Electrical Characteristics (Continued) 
| macs] ssa, S| atc 
Vec* 
(V) 


Ta = +25°C 


Parameter C. = 50 pF 


Min 


2.5 13.0 1.0 15.5 1.5 14.5 
1.5 9.5 1.0 10.5 1.0 10.5 


Propagation Delay 
Ph to Qn 


Propagation Delay 3.5 14.5 1.0 18.0 2.5 17.5 
PL toQ, ’ 9.5 1.0 12.5 1.0 10.5 


2.0 
Propagation Delay 3.0 13.5 1.0 15.5 2.0 15.5 
PL to Q, 2.0 10.0 1.0 11.5 1.5 11.0 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


vac | Saag | 74a 


Ta = —55°C 
Symbol Parameter to + 125°C 
C. = 50 pF 


Guaranteed Minimum 
Setup Time, HIGH or LOW 1.0 4.0 3.0 
Py to PL 0.5 3.0 2.5 
Hold Time, HIGH or LOW —1.5 0.5 1.0 
P, to PL —0.5 1.0 1.0 
Setup Time, LOW 3.0 6.0 9.0 7.0 
CE to CP 1.5 4.0 6.0 4.5 
Hold Time, LOW 
CE to CP 
Setup Time, HIGH or LOW 4.0 * 10.5 
U/D to CP 2.5 7.5 





Hold Time, HIGH or LOW 
U/D to CP 


PL Pulse Width, LOW 


CP Pulse Width, LOW 


trec Recovery Time 
PL to CP 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


eo eal 
Input Capacitance Voc = 5.0V 


Voc = 5.0V 





Cpp Power Dissipation 7 
Capacitance 
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54AC/ 74AC240 @ 54ACT/74ACT240 | 
Octal Buffer/Line Driver with TRI-STATE® Outputs 


General Description 
The 'AC/’ACT240 is an octal buffer and line driver designed 


‘to be employed as a memory address driver, clock driver 


and bus oriented transmitter or receiver which provides im- 
proved PC board density. 


Ordering Code: see Sections 


Logic Symbol 


IEEE/IEC 


TL/F/9941-1 


Description 


TRI-STATE Output Enable Inputs 


Inputs 
Outputs 





Pin Assignment 
for DIP, Flatpak and SOIC 


Features 

m Inverting TRISTATE outputs drive bus lines or buffer 
memory address registers 

mw Outputs source/sink 24 mA 


ff "ACT240 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Is Og Ip Os ty 
3 Ag ENC 


elepeleye) 
02 Is 4 4 % 
TL/F/9941-3 


TL/F/9941-2 


Truth Tables 


Outputs 
(Pins 12, 14, 16, 18) 


Outputs 
(Pins 3, 5, 7, 9) 


HIGH Voltage Level 
LOW Voltage Level 
Immaterial 

High Impedance 


tod og 
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Absolute Maximum Rating (note 1) 
If Military/Aerospace specified devices are required, 


Recommended Operating 
Conditions 


it) 


please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. ae Voltage (Vcc) Seueeey 


Supply Voltage (Vcc) —0.5V to +7.0V ‘ACT iia 5 RY 
a Input meng Current (lik) Input Voltage (V;) OV to Voc 
p= —0.5 ee: 
Vi = Voc + 0.5V ma aes ved : OV to Voc 
DC Input Voltage (V)) eee ure (Ta) 
DC Output Diode Current (lox) 54AC/ACT 


Vo = —0.5V —20 mA F 
- Junction Temperature (Ty) 
Vo = Vcc + 0.5V +20 mA CDIP 175°C 


DC Output Voltage (Vo) —0.5V to to Veg + 0.5V PDIP 140°C 


DC Output Source Input Rise and Fall Time (t,, t)) 
or Sink Current (Io) (Note 2) (Typical) 

DC Voc or Ground Current . (Except Schmitt Inputs) "AC Devices 
per Output Pin (Icc or Iqnp) +50 mA Vin from 30% to 70% of Voc 


Storage Temperature (Tsta) —65°C to + 150°C Voc @ 3.0V 


Note 1: Absolute maximum ratings are those values beyond which damage Vec @ 4.5V 

to the device may occur. The databook specifications should be met, without Voc @ 5.5V 

exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (tr, ty) 

temperature, and output/input loading variables. National does not recom- (Note 2) (Typical) 

mend operation of FACT™ circuits outside databook specifications. (E ept Pears Inputs) ‘ACT Devices 
XC: I u evi 


Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vcc @ 4.5V 10 ns/V 
Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


—20mA 
+20 mA 


—0.5V to Voc + 0.5V —40°C to + 85°C 


—55°C to + 125°C 


+50 mA 


150 ns/V 
40 ns/V 
25ns/V 


DC Characteristics for "AC Family Devices 


mano | saac, | 74AC 


Vec = . Ta= Ta = 
(Vv) Ta= +25°C | _ sect +125°C | —40°C to + 85°C 
| typ | = Guaranteed Limits 


Guaranteed Limits 


Symbol Parameter Conditions 


Vi Minimum High Level | 3.0 | 1.5 | 2.1 24 
Input Voltage 45 | 2.25 | 3.15 3.15 
2.75 | 3.85 3.85 


Vit Maximum Low Level 1.5 0.9 0.9 
Input Voltage 2.25 | 1.35 1.35 
2.75 | 1.65 1.65 


Minimum High Level | 3.0 2.99 2.9 
Output Voltage : 4.49 4.4 
5.49 5.4 


Vout = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


louT = —50 pA 


"Vin = Vit Or Vin 
—12mA 
log —24mA 
—24mA 


Maximum Low Level 
Output Voltage 


lout = 50 pA 


*Vin = Vitor Vin 
12mA 
lo 24 mA 
24mA 


Maximum Input Vi = Voc, GND 
Leakage Current 
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DC Characteristics for AC Family Devices (Continuea) 


manc_ | saac | 74a 


. Ta = Ta = 
a dang —— lame sse gee +0re to + 125°C | —40°C to +85°C 


| == GuaranteedLimits = si Limits 


Parameter 


Maximum TRI-STATE 
Leakage Current +10.0 


tMinimum Dynamic 
Output Current 


| mA | 


Maximum Quiescent 
160.0 
Supply Current Tal ee 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ii and Ico @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


Symbol 


ViH 


ViL 


lin 


loz 


IoctT 


loLb 
lOHD 
loc 





74ACT 54ACT 74ACT 


zs ry Ta = Ta = 
Ta = +26°C a to + 125°C | —40°C to + 85°C 


| Typ | = GuaranteedLimits si Limits 
Minimum High Level 4.5 1.5 Vv 
Input Voltage 5.5 1.5 
Maximum Low Level 1.5 0.8 0.8 0.8 
Input Voltage 1.5 En 8 0. aa 0. a 
Minimum High Level 4, ae 
Output Voltage ae 49 


4.5 3.86 3.70 3.76 
rs 4.86 4.70 4.76 
ES 0.4 0.1 
0.1 0.1 


Parameter 


Maximum Low Level 
Output Voltage 


0. ES 


4.5 0.36 0.50 0.44 
55 0.36 0.50 0.44 
Maximum Input 
Leakage Current 
Maximum TRI-STATE 
+ 
Leakage Current et Te| [oo fo 


Maximum 


loc/Input 
+Minimum Dynamic ad 
Output Current m | ma | 


Maximum Quiescent 
Supply Current 


“All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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Conditions 


Vi (OE) = Vit. Vin 
Vi = Voc, GND 
Peace = Voc, GND 


VoLtp = 1.65V Max 
VoHD = 3.85V Min 


Conditions 


Vout = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


fy | = —50 pA 


ote = Vit or Vi 
—24mA 
—24mA 


50 pA 


loH 


| y [tore 


Babs = ViLor Vi 
24mA 
24mA 


| aa | = Voc, GND 


lot 


= Vi Vin 
vo Voc, GND 


= Vcc — 2.1V 


Votp = 1.65V Max 
VoHb = 3.85V Min 


Vin = Voc 
or GND 





AC Electrical Characteristics 


74AC Lo ae 74AC 
Vcc* 
Parameter 
(V) 


Ta = +25°C 
CL = 50 pF 


| Min Typ Max | 
Propagation Delay 1.0 11 [me Mes 1.0 9.0 
Data to Output ae 1.0 8.5 1.0 7.0 
Propagation Delay 8.0 1.0 10.5 
Data to Output ; 6.0 1.0 8.0 : 
Output Enable Time = 10.5 1.0 11.5 1 . . 
7.0 1.0 9.0 5 
Output Enable Time A 10.0 1.0 13.0 1 _ 4 
8.0 1.0 10.5 
Output Disable Time 5 7.0 10.0 1.0 12.5 1.0 1 : . 
i 6.5 9.0 1.0 10.5 1.0 
Output Disable Time 1.5 7.5 10.5 1.0 13.5 1.0 os sf 
1.5 6.5 9.0 1.0 11.0 1.0 


*Voltage Range 3.3 is 3.3V +0.3V 
*Voltage Range 5.0 is 5.0V +0.5V 


AC Electrical Characteristics 


74ACT 54ACT 74ACT 
Symbol Parameter Vec" 
(Vv) 


Ta = ~—40°C 
to +85°C 
nee a = 50 pF 


Ta = +25°C 
a = 50 pF 


| Min = Typ Max _| Typ 


tpHL Propagation Delay 5.0 
Data to ee ‘ 


tezH eae 70 85 | 10 100 | 10 95 — | 
tex.__| Outputenablotime | 50 | 20 70 95 | 10 115 | 15 105 | ns _| 
teuz | OutputDisableTime | 50 | 20 80 9s | 10 110 | 20 105 | ns _| 
tz | OutputDisableTime | 50 | 25 65 100 | 10 115 | 20 105 | ns _| 


*Voltage Range 5.0 is 5.0V +0.5V 


tpLH Propagation Delay 6.0 
Data to Output 


Capacitance 


| InputCapacitance _| Capacitance | Veg = 5.0V | = 5.0V 


Power Dissipation 
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54AC/74AC241 © 54ACT/74ACT241 
Octal Buffer/Line Driver with TRI-STATE® Outputs 


General Description 


The 'AC/’ACT241 is an octal buffer and line driver designed 
to be employed as a memory address driver, clock driver 
and bus-oriented transmitter or receiver which provides im- 
proved PC board density. 


Ordering Code: see Section 5 
Logic Symbol 


IEEE/IEC 


TL/F/9942~2 


Description 


TRI-STATE Output Enable Input 


TRI-STATE Output Enable Input (Active HIGH) 
Inputs 
Outputs 


Pin Assignment 
for DIP, Flatpak and SOIC 





Features 

@ Non-inverting TRI-STATE outputs drive bus lines or 
buffer memory address registers 

@ Outputs source/sink 24 mA 

mg ’ACT241 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 
Is Og Ip O5 ty 
(6) 


fi5] 
Op Is Oy ly % 
TL/F/9942-3 


TL/F/9942~1 


Truth Tables 


Outputs 
(Pins 12, 14, 16, 18) 


' Outputs 
(Pins 3, 5, 7, 9) 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 
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Absolute Maximum Rating (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (Ij) 
Vv, = —0.5V 
Vi = Voc + 0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (lox) 
Vo = —0.5V 
Vo = Vcc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Voc or Ground Current 
per Output Pin (Ico or Iqnp) £50 mA 
Storage Temperature (Tstaq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACTT circuits outside databook specifications. 


—20mA 
+20 mA 


—0.5V to Vcc + 0.5V 
—20mA 
+20 mA 

—0.5V to to Vcc + 0.5V 


+50 mA 


Recommended Operating 


Conditions 

Supply Voltage (Vcc) 
"AC 2.0V to 6.0V 

4.5V to 5.5V 


OV to Vcc 
OV to Vcc 


"ACT 
Input Voltage (Vj) 
Output Voltage (Vo) 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 


— 40°C to + 85°C 
—55°C to + 125°C 


175°C 
140°C 
Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 
Voc @ 3.0V 
Vcc @ 4.5V 
Vcc @ 5.5V 
Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 


150 ns/V 
40 ns/V 
25 ns/V 


Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 

Vec @ 4.5V 

Voc @ 5.5V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 


typical input rise and fall times noted here. 


DC Characteristics for AC Family Devices 


Symbol 


VIH 


VIL 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 


Vcc 
(V) 


mano | Saag | 74a 


°C Ta= Ta = 
—55°C to + 125°C | —40°C to + 85°C 


Guaranteed Limits 


a 2.1 2.1 
2.25 3.15 3.15 
2.75 3.85 3.85 


1.5 0.9 0.9 
2.25 1.35 1.35 
2.75 1.65 1.65 


299 | 29 
4.49 | 4.4 
5.49 | 5.4 


2.56 
3.86 
4.86 


0.1 
0.1 
0.1 


Maximum Input 0.1 
Leakage Current 
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Conditions 


VouT = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


lout = —50 pA 


“Vin = Vit Or Vi 
—12mA 
lou —24mA 
—24mA 


lout = 50 pA 


*Vin = Vitor Vin 


12mA 


lo. 24mA 
24mA 


fw | Vcc, GND 
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DC Characteristics for "AC Family Devices (continued) 


vanc| sac | 74AC 


0 Ta = Ta = ad 
-— a eee ie to +125°C | —40°C to + 85°C 


| == GuaranteedLimits = Limits 


Cease 
Minimum Dynamic 


Maximum Quiescent 
Supply Current 


Parameter 


Maximum TRI-STATE 


Leakage Current 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: I; and Ico @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 


Ioc for 54AC @ 26°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


Symbol 


VIH 


ViL 


lIN 


loz 


locT 


lOLD . 


OHD 
loc 





74ACT 54ACT 74ACT 


Veo | ty= +250 ‘ Ta = Ta = 
(V) t= +286 c ee to + 125°C | —40°C to + 85°C 


| ss GuaranteedLimits Limits 


Parameter 


Minimum sy Level 
Input sy ea 


Maximum Low Level 
Input Voltage 


Minimum High Level : Pe 
Output Voltage 


ae 
ae 


4.5 3.86 3.70 3.76 
5.5 4.86 4.70 4.76 
ied 0.1 0.1 
0.1 0.1 


Maximum Low Level 
Output Voltage 


ied 001 


4.5 0.36 0.50 0.44 Vv 
5.5 0.36 0.50 0.44 


Maximum Input 
Leakage Current pss] [sor] aro] eto | aa 


Maximum TRI-STATE +05 +10.0 +5.0 BA 
Leakage Current 

Maximum 

Icc/Input 


+Minimum Dynamic 
——— es 


Output Current 


Maximum Quiescent 
Supply Current 


~All outputs loaded; thresholds on input associated with output under test. 
+Maximum test duration 2.0 ms, one output loaded at a time. 
Note: Ico for 54ACT @ 25°C is identical to 74ACT @ 25°C. 


4-132 


Conditions 


V) (OE) = Vit; Vin 
ae = Voc, GND 


| mA | Voip = 1.65V Max 
VoHp = 3.85V Min 





Conditions 


Vout = 0.1V 
or Voc — 0.1V 


Vout = 0.1V 
or Voc — 0.1V 


|v | four = —50 pA 


2 be = Vit or Vin 
—24mA 


loH —24mA 


lout = 50 pA 


*Vin = Vit or ViH 
24mA 
L 24 mA 


Vi = Voc, GND 
Vi = Vins Vin 
Vo = Vcc, GND 
Vi = Voc — 2.1V 


| mA_ | Voto = 1.65V Max 
VoHp = 3.85V Min 


Vin = Voc 
or GND 





AC Electrical Characteristics 


: Ta = —55°C = 
Parameter beet 7 Hie se to +125°C 
L P C. = 50 pF 


Propagation Delay 5 ; Me te tes | 1.0 12.0 1.5 
Data to Output be i 7.0 1.0 9.5 1.0 
Propagation Delay 1.5 : 9.0 1.0 11.5 1.0 
Data to Output 1.5 : 7.0 1.0 9.0 1.0 
Output Enable Time 1.5 6.5 12.5 1.0 13.0 ie . 
1.5 5.5 9.0 1.0 10.0 
Output Enable Time . fe 12.0 1.0 13.0 13.0 
9.0 1.0 10.0 ; 9.5 
Output Disable Time 12.0 1.0 13.0 2.0 12.5 
5 : 10.0 1.0 11.5 1.0 10.5 
Output Disable Time 5 7.0 12.5 1.0 13.0 1.0 13.5 
i 6.0 10.0 1.0 11.5 1.0 10.5 


"Voltage Range 3.3 is 3.3V +3.3V 
Voltage Range 5.0 is 5.0V +0.5V 


AC Electrical Characteristics 


74ACT 54ACT 74ACT 
Parameter 


Ta = —55°C 
to + 125°C 
a = 50 pF 


Ta = +25°C 
C_ = 50 pF 


| Min Typ Max | Typ 


Propagation Delay 65 

Data to Output 

Propagation Delay 

Data to Output 

Output Enable Time | 5.0 | | 4.00145 | 1.5 

Output EnableTime | 5.0 | 1.5 70 +100 | 10 4125 | 145 114.0 2 


OutputDisabletime | 50 | 15 80 105 | 10 125 | 15 115 | ns | 
OutputDisabletime | 5.0 | 20 70 105 | 10 125 | 15 115 | ns | 


*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


Input | Input Capacitance _| | Veo = 5.0V— | = 5.0V 


Power Dissipation 
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54AC/74AC244 ¢ 54ACT/74ACT244 
Octal Buffer/Line Driver with TRI-STATE® Outputs 


General Description 


The ’AC/’ACT244 is an octal buffer and line driver designed 
to be employed as a memory address driver, clock driver 
and_bus-oriented transmitter/receiver which provides im- 


Features , 


w TRI-STATE outputs drive bus lines or buffer memory 
address registers 
m@ Outputs source/sink 24 mA 


proved PC board density. m 'ACT244 has TTL-compatible inputs 


Ordering Code: see sections 


Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment 


for DIP, Flatpak and SOIC 


a 


Pin Assignment 
for LCC and PCC 


Is Og Ip 05 |y 
BOOB! 


‘in 


ale 





“A 
aan 


ae 


TL/F/9943-3 


rhe 


TL/F/9943-2 


TL/F/9943-1 


Truth Tables 


Description 


TRI-STATE Output Enable Inputs 


Outputs 
(Pins 12, 14, 16,18) - 


Inputs 
Outputs 





Outputs 
(Pins 3, 5, 7, 9) 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 
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Absolute Maximum Rating (note 1) 

If Military/Aerospace specified devices are required, 
please contact the Natlonal Semiconductor Sales 
Offlce/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (I)x) 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
‘ACT 4.5V to 5.5V 


Input Voltage (V)) 


Vj= 


—0.5V 


—20mA 


OV to Vcc 


bye 


Output Voltage (Vo) 
Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


rer ba Junction Temperature (Ty) 
CDIP 175°C 

—0.5V to to Voc + 0.5V PDIP 140°C 
Input Rise and Fall Time (t,, tp) 

(Note 2) (Typical) 

(Except Schmitt Inputs) "AC Devices 

Vin from 30% to 70% of Voc 

Voc @ 3.0V 

Voc @ 4.5V 

Voc @ 5.5V 
Input Rise and Fall Time (t,, tp) 

(Note 2) (Typical) 

(Except Schmitt Inputs) "ACT Devices 

VIN from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Vcc @ 4.5V 10 ns/V 

Voc @ 5.5V 8 ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


DC Characteristics for ’AC Family Devices 


74AC | 74ac 


Vec 


Guaranieed Limiis 


VIH Minimum High Level 7 2.1 
Input Voltage : 2.25 3.15 
2.75 | 3.85 


ViL Maximum Low Level ‘ 1.5 0.9 
Input Voltage : 2.25 1.35 : Be 
2.75 1.65 1.65 


Minimum High Level . 2.99 2.9 
Output Voltage : 4.49 4.4 
5.49 5.4 


+20 mA ovio Vac 


—0.5V to Vcc + 0.5V 


Vi = Voc + 0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (lox) 
Vo = —0.5V 
Vo = Vcc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Vcc or Ground Current 
per Output Pin (Ic¢c or I@np) +50 mA 
Storage Temperature (TsTq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—40°C to + 85°C 
—55°C to + 125°C 


+50 mA 


150 ns/V 
40 ns/V 
25ns/V 


Symbol Parameter Conditions 


VouT = 0.1V 
or Vcc — 0.1V 


VouT = 0.1V 
or Voc — 0.1V 


lout = —50 pA 


*Vin = Vit or Vin 
2.56 ; —12mA 
3.86 lon = 24 mA 
4.86 47 : —24mA 


Maximum Low Level ‘ } 0.1 
Output Voltage ; . 0.1 
0.1 


lout = 50 pA 


"Vin = Vitor Vin 
12 mA 
lo 24 mA 
24mA 


Maximum Input Vi = Voc, GND 
Leakage Current 
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DC Characteristics for ’AC — Devices (Continued) 


Parameter Vec Ta = +25°C Ta = Ta = 


(V) —55°C to + 125°C | —40°C to + 85°C Conditions 


Guaranteed Limits 


Maximum TRI-STATE® Vi (OE) = Vit. Vin 
Current +0.5 +10.0 Vi = Voc; Vanpb 
Vo = Vcc, GND 


tMinimum Dynamic 


75 
Maximum Quiescent 
conor [s[ [eo [wo [os 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 





Note: || and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Vcc Z ‘ Ta = Ta = 
Symbol Parameter (V) Ta = +25°C 55°C to +125°C| —40°C to + 85°C Conditions 


| typ | Guaranteed Limits 

Vin Minimum High Level 1.5 Vout = 0.1V 

Input Voltage 1.5 or Vcc — 0.1V 
ViL Maximum Low Level 1.5 0.8 0.8 0.8 Vout = 0.1V 

Input Voltage 1.5 0.8 | 8 0.8 or Vcc — 0.1V 

Minimum High Level EA ee 4.4 louT = —50 pA 

Output Voltage EA 49 5.4 

*Vin = Vitor Vin 
4.5 3.86 3.70 3.76 —24mA 
5.5 4.86 4.70 4.76 —24mA 
Maximum Low Level el 001 | [lon 50 pA 
Output Voltage a : 0.001 
Eli = ViLor Vin 

4.5 0.36 0.50 0.44 24mA 
5.5 een 36 el 50 Tae 44 24mA 
lin Maximum Input Leakage Current lss| | | 0.4 1 +1 | eto | | to 0 | yA | Vi = Voc, GND 
loz Maximum TRI-STATE® = Vit. Vin 

= a Voc, GND 
IoctT Maximum = Voc — 2.1V 

cet o_ 


ap |twiimnowanc [se] | or wh Nau = 185 
ony [Owen 2 = aca 


loc Maximum Quiescent Vin = Vcc 
Supply Current or GND 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics 


Ta = —55°C 
Parameter ee to + 125°C 
C, = 50pF 


Propagation Delay : : 1.0 12.5 
Data to Output : : 1.0 9.5 
Propagation Delay : . 1.0 12.0 
Data to Output 5 5.0 7.0 1.0 9.0 

; : : ; 10.5 1.0 11.5 


Output Enable Time 
7.0 1.0 9.0 
Output Enable Time 10.0 1.0 13.0 
: ; 8.0 1.0 10.5 


1.5 
1.0 


i 


1.5 
1.0 


Output Disable Time : 10.0 1.0 12.5 
9.0 1.0 10.5 


Output Disable Time 2.5 7.5 10.5 1.0 13.0 
2.0 6.5 9.0 1.0 11.0 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


AC Electrical Characteristics 


Vv Ta = —55°C 
Parameter = to + 125°C 
ae es = 50 pF 


Propagation Delay 


36 


Ta = —40°C 
to + 85°C 
as = 50 pF 


Propagation Delay 6.5 
Data to Output 


Mata to Out ito ut 


Output Enable Time | 5.0 | 


15 60 
OutputEnabletime | 50 | 20 70 95 | 10 110 | 15 105 | ns | 
Output Disable Time | 50 | 20 70 1295 [ 10 110 | 15 105 | ns | 
OutputDisableTime | 50 | 25 75 100 | 10 115 | 20 105 | ns | 


*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


| Gn | _Input Capacitance er ae ea Voo = 6.0V 


pee capesiions ee eal 
: pF 
Capacitance 
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54AC/74AC245 e 54ACT/74ACT245 
Octal Bidirectional Transceiver 
with TRI-STATE® Inputs/Outputs 


General Description 


The ‘AC/’ACT245 contains eight non-inverting bidirectional 
buffers with TRI-STATE outputs and is intended for bus-ori- 
ented applications. Current sinking capability is 24 mA at 
both the A and B ports. The Transmit/Receive (T/R) input 
determines the direction of data flow through the bidirec- 
tional transceiver. Transmit (active-HIGH) enables data 
from A ports to B ports; Receive (active-LOW) enables data 
from B ports to A ports. The Output Enable input, when 
HIGH, disables both A and B ports by placing them in a 
HIGH Z condition. 


Ordering Code: see Section 5 


Logic Symbols 


IEEE/IEC 


Ap Ay Ag Ax Ag As Ag Az 


R 
By By By Bz By Bs Bg By 


TL/F/9944-1 


Description 


Output Enable Input 
Transmit/Receive Input 
Side A TRI-STATE 
Inputs or TRI-STATE 
Outputs 

Side B TRI-STATE 
Inputs or TRI-STATE 


Outputs 


Truth Table 


| Inputs _| 
OE | TA 


L L Bus B Data to Bus A 
L H Bus A Data to Bus B 
H Xx HIGH-Z State 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


Outputs 


Features 

 Noninverting buffers 

a Bidirectional data path 

w A and B outputs source/sink 24 mA 
m ’ACT245 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


TL/F/9944-2 
TL/F/9944-3 


SAGE 
tian 
ms 


= 
a 

(14) G5) (6) £7) Gis) 

B, Bz By By Bo 





TL/F/9944-4 
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Absolute Maximum Rating (note 1) Recommended Operating 


lf Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 


Office/Distributors for availability and specifications. nee Voltage (Vcc) 

















2.0V to 6.0V 

Supply Voltage (Vcc) —0.5V to + 7.0V "ACT 4.5V to 5.5V 

oy Input Diode Current (|x) Input Voltage (Vj) OV to Voc 
| = —0.5V —20mA 

Mie eG ee oy. neat Bsn (Ta) he 
DC Input Voltage (V)) —0.5V to Voc + 0.5V T4AC/ACT A ~40°C to +85°C 
DC Output Diode Current (lox) 54AC/ACT —55°C to +125°C 

Vo = —0.5V —20mA : 

Vo = Voc + 0.5V +20 mA nee Temperature (Ty) sas 
DC Output Voltage (Vo) —0.5V to to Voc + 0.5V PDIP 140°C 
DC Output Source Input Rise and Fall Time (t,, t) 

or Sink Current (lo) +50 mA (Note 2) (Typical) 

DC Vcc or Ground Current (Except Schmitt Inputs) "AC Devices 

per Output Pin (Icc or Iqnp) +50 mA Vin from 30% to 70% of Vcc 
Storage Temperature (Tstg) —65°C to + 150°C Vcc @ 3.0V 150 ns/V 
Note 1: Absolute maximum ratings are those values beyond which damage Voc @ 4.5V 40 ns/V 
to the device may occur. The databook specifications should be met, without Voc @ 5.5V 25 ns/V 
exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (t ty) 
temperature, and output/input loading variables. National does not recom- Note 2) (Typical I 
mend operation of FACT™ circuits outside databook specifications. Cea oud ‘ACT Devices 

Vin from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Vcc @ 4.5V 10 ns/V 
Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 






DC Characteristics for "AC Family Devices 


mac | saa | 74a 


Vcc °C Ta= Ta = cs 
Symbol Parameter (V) 55°C to + 125°C | —40°C to +85°C Conditions 


__ Guaranteed Limits 


1.5 24 24 21 Vout = 0.1V 
2.25 3.15 3.15 3.15 V_ | orVeg — 0.1V 
3.85 


1.5 0.9 0.9 0.9 Vout = 0.1V 
2.25 1.35 1.35 1.35 Vv or Vcc — 0.1V 


ViH Minimum High Level 


Input Voltage 




























Maximum Low Level 
Input Voltage 


ViL 








Minimum High Level 
Output Voltage 





louT = —50 pA 





*Vin = Vit or Vin 
3.0 2.56 2.4 2.46 —-12mA 
4.5 3.86 3.7 3.76 Vo lon —24mA 
—24mA 





Maximum Low Level 
Output Voltage 









lout = 50 pA 





“Vin = Vitor Vin 
3.0 0.36 0.50 0.44 12mA 
Be 0.36 0.50 0.44 lot 24mA 

0.36 0.50 0.44 24mA 


Maximum Input Vi = Voc, GND 
Leakage Current 
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DC Characteristics for "AC ane Devices (Continued) 


Minimum Dynamic aa 
Output Current 5.5 | 


—55°C to + 125°C | —40°C to + 85°C 


Guaranteed Limits 
Voip = 1.65V Max 


mA | Vonp = 3.85V Min 


Conditions 


Maximum Quiescent 
Supply Current 


Maximum I/O 
Leakage Current 


ye) = Vit VIH 
Ven Voc, GND 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 


Note: lin and fcc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Vec ~ . Ta = Ta = 
Symbol Parameter Ta = +25°C 55°C to + 125°C | —40°C to +85°C 
Guaranteed Limits 


0.8 
0.8 
3.86 3.70 3.76 —24mA 
4.86 4.70 4.76 —24mA 
0.001 0.1 lour = 50 pA 
0.001 0.1 
*Vin = Vitor Vin 
0.36 0.50 0.44 24mA 
0.36 Ss 50 S| 44 24mA 


| eto | 0 | to | 0 = Voc, GND 
7 Voc — 2.1V 


Conditions 


Vout = 0.1V 
or Vcc — 0.1V 


VouT = 0.1V 
or Voc — 0.1V 


lout = —50 pA 


Vin Minimum High Level 
Input Voltage 


Vit Maximum Low Level! 
Input Voltage 


as afr afar oa sh < 
aon an aAalaalaa — 


Minimum High Level 
Output Voltage 
*Vin = Vit Or Vin 


anh 1Oo 
aA RD © 
aanloo 
A AR 1wO OO 


Maximum Low Level 
Output Voltage 





Maximum Input Leakage Current 
Maximum 

loc/Input 

tMinimum Dynamic 

Output Current 

Maximum Quiescent 

Supply Current 


Maximum I/O 


1.5 mA 


er eee aaa mA | Voun = 1.65V Max 


-~75 Voup = 3.85V Min 


Vin = Voc 
or GND 
V (OE) = Vit, Vin 


80.0 


Leakage Current 


ak -- a 
DRA 
bo|aen 3s 


H 
o 
— 





*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics 


74AC | sac || 74AC 
Parameter 


: Ta=-55C | Ta=—40°C 
a - i a to +125°C to +85°C 
Liye oo ee 50 pF Cy. = 50 pF 


Propagation Delay 
An to Br or Bry to An 


Propagation Delay 5 5.0 8.5 1.0 10.0 
An to Bn or By to An be 3.5 6.0 1.0 7.5 
Output Enable Time a 7.0 11.5 1.0 13.5 2.0 is . 
5.0 8.5 1.0 10.0 1.0 
Output Enable Time a : 12.0 1.0 14.5 . : Ky = 
9.0 1.0 10.5 
Output Disable Time 2.0 6.5 12.0 1.0 13.5 0 12.5 
9.0 1.0 10.5 a 10.0 
Output Disable Time 11.5 1.0 14.0 1.5 13.0 
: 9.0 A 10.5 1.0 10.0 


*Voltage Range 3.3 is 3.3V +£0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


AC Electrical Characteristics 


74ACT 54ACT 74ACT 
Vec* 
Parameter 
(V) 


Ta = —55°C 
to +125°C 
en er = 50 pF 


Ta = +25°C 
un ie wa” = 50 pF 


| Min = Typ Max_—| Typ 


Propagation Delay 4.0 
An to Br or Bn to An 


Propagation Delay 
Az to By or By to Ay 


[ouput EneioTine | 50 | 
osu esas aa Toe ve coo = aad 


*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


Input Capacitance sas a Voc = 5.0V 
2 Input/Output Voc = 5.0V 

Capacitance 

Power Dissipation 45.0 pF Voc = 5.0V 

Capacitance 
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54AC/74AC251 © 54ACT/74ACT251 
8-Input Multiplexer with TRI-STATE® Output 


General Description 


The ’AC/’ACT251 is a high-speed 8-input digital multiplexer. 
It provides, in one package, the ability to select one bit of 
data from up to eight sources. It can be used as universal 
function generator to generate any logic function of four 
variables. Both true and complementary outputs are provid- 
ed. 


Ordering Code: see Section 5 
Logic Symbols | 


Features 

m@ Multifunctional capability 

m On-chip select logic decoding 

m Inverting and noninverting TRI-STATE outputs 


... | Outputs source/sink 24 mA 


m ’ACT251 has TTL-compatible inputs 


Connection Diagrams 


IEEE/IEC Pin Assignment 


TL/F/9945-1 


nN OO fF WwW DYS * CO ND 


Select inputs 
TRI-STATE Output Enable Input 


Multiplexer Inputs 

TRI-STATE Multiplexer Output 
Complementary TRI-STATE Multiplexer 
Output 





for DIP, Flatpak and SOIC 


1 

2 
3 
4 
5 
6 
7 
8 


TL/F/9945-3 


Pin Assignment 
TL/F/9945-2 for LCC 


ZZzNCh 
 EOwweOaw 


HEE 
Soh Nl 


TL/F/9945-4 
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Functional Description Truth Table 


This device is a logical implementation of a single-pole, 
8-position switch with the switch position controlled by the 
state of three Select inputs, So, S1, Sa. Both true and com- 
plementary outputs are provided. The Output Enable input 
(OE) is active LOW. When it is activated, the logic function 
provided at the output is: 
Z= OE ® (Ip * Sp Sy So + |y eSo eS; eS. + 

lone Soe Sy °Sp +1g¢SqeS, eSp + 

I4*®SqeS,eSo + I5®SoeS;eSo+ 

Ig Sq ° Sy ®So + lz Sq @ Sy © So) 
When the Output Enable is HIGH, both outputs are in the 
high impedance (High Z) state. This feature allows multi- 
plexer expansion by tying the outputs of up to 128 devices 
together. When the outputs of the TRI-STATE devices are H = HIGH Voltage Level 
tied together, all but one device must be in the high imped- L = LOW Voltage Level 
ance state to avoid high currents that would exceed the X = Immaterial 
maximum ratings. The Output Enable signals should be de- 2-2 Higimpedance 
signed to ensure there is no overlap in the active-LOW por- 
tion of the enable voltages. 


mGirirtTirerrre x 
DTPoirrewtwiorr xX 
2 | eS a) a OA eS Bd ed 





Logic Diagram 














TL/F/9945-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (1x) 
V,; = —0.5V 
Vi = Voc + 0.5V 
DC Input Voltage (Vj) 
DC Output Diode Current (Iox) 
Vo = —0.5V 
Vo = Vcc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Voc or Ground Current 
per Output Pin (Icc or Ignp) +50 mA 
Storage Temperature (Tstq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT circuits outside databook specifications. 


—20mA 
+20 mA 


—0.5V to Voc + 0.5V 
—20mA 

! +20 mA 
—0.5V to to Voc + 0.5V 


+50mA 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
"AC 


‘ACT 
Input Voltage (V)) 
Output Voltage (Vo) 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 
CDIP 
PDIP 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 
Voc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t,, ts) 
(Note 2) (Typical) 


(Except Schmitt Inputs) ’ACT Devices 


Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 

Voc @ 4.5V 

Voc @ 5.5V 


2.0V to 6.0V 
4.5V to 5.5V 


OV to Voc 
OV to Vcc 


—40°C to + 85°C 
—55°C to + 125°C 


175°C 
140°C 


150 ns/V 
40 ns/V 
25 ns/V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 


typical input rise and fall times noted here. 


DC Characteristics for "AC Family Devices 


74AC 


Symbol Parameter Ta = +25°C 


VIP 2.1 
3.15 


3.85 


0.9 
1.35 
1.65 


2.9 
4.4 


5.4 
2.56 
3.86 
4.86 

0.1 


0.1 
0.1 


Minimum High Level 
Input Voltage 


1.5 
2.25 
2.75 


1.5 
2.25 
2.75 


2.99 
4.49 
5.49 


3.0 


4.5 
5.5 


3.0 
4.5 


5.5 
3.0 


45 


Vit Maximum Low Level 


Input Voltage 


Minimum High Level 
Output Voltage 





0.002 
0.001 
0.001 


Maximum Low Level 
Output Voltage 


0.36 
0.36 
0.36 


+0.1 


Maximum Input 
Leakage Current 


Vec 
(V) - 
Typ 


74AC 
Ta = Ta= 

55°C to + 125°C | —40°C to +85°C 
Guaranteed Limits 


2.1 
3.15 
3.85 
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Conditions 


VouT = 0.1V 
or Vcc — 0.1V 


VouT = 0.1V 
or Vcc — 0.1V 


louT = —50 pA 


*Vin = Vit or Vin 
-—12mA 
—24mA 
—24mA 


loH 


lout = 50 pA 


"Vin = Vir or Vin 
12mA 
24mA 
24mA 


Vi = Voc, GND 


lot 





DC Characteristics for "AC Family Devices (Continued) 


| aac | sane | zane 


+25°C —55°C to + 125°C —40°C to +85°C Conditions 


Parameter 


Guaranteed Limits 


Maximum TRI-STATE® Vi (OE) = Vit, Vin 
Current . ; : Vi = Voc, Vanp 
Vo = Vcc, GND 


tMinimum Dynamic 
Output Current 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: lin and Icc @ 3.0V are guaranteed to be less than or equal to the feapentve limit @ 5.5V Voc. 
Ioc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Vcc Ta = Ta= Ta = - 
Symbol Parameter (V) 425°C 55°C to + 126°C | —40°C to +85°C Conditions 


Guaranteed Limits 


Vin Minimum High Level 45 2.0 V Vout = 0.1V 
Input Voltage 5.5 2.0 or Voc — 0.1V 


ViL Maximum Low Level 45 EI 0.8 0.8 Vv Vout = 0.1V 
Input Voltage 5.5 0.8 0.8 0.8 or Vcc — 0.1V 
Minimum High Level 4.5 | 4.49 4.4 4.4 4.4 Vv lout = —50 pA 
Output Voltage 5.5 | 5.49 5.4 5.4 5.4 
. *Vin = ViLor Vin 
3.86 3.76 na —24mA 
4.86 4.76 on —24mA 
Maximum Low Level 4.5 | 0.001} 0.1 0.1 0.1 Vv louT = 50 pA 
Output Voltage 5.5 | 0.001 0.1 0.1 0.1 
“Vin = Vit or Vin 
0.36 0.50 0.44 | 24mA 
0.36 0.50 0.44 or 24 mA 
lin Maximum Input Ver. GN 
= ’ D 
Leakage Current VI ss 
loz Maximum TRI-STATE® ea Vit» Vin 
+0. +10. +5.0 A 
i =" Mm’ Vo = Veo, GND 
IccT Maximum aik Vi = Voo — 2.1V 
loc/Input 


loc Maximum Quiescent Vin = Voc 
: A 
Supply Current ss] [so] too | oo | nw or GND 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: !cc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics 


Ta = —55°C Ta = —40°C 
to + 125°C to +85°C 
C. = 50 pF CL = 50 pF 


Ta = +25°C 


Symbol Parameter a = 50 pF 


Vcc" 
(V) 
| Min Typ Max | 
Propagation Delay 3.3 js > 17.5 1.0 21.0 19.0 
Sp to ZorZ 5.0 12.5 1.0 15.5 13.5 
Propagation Delay 5 11.0 17.5 1.0 21.0 5 19.0 
S, to ZorZ - 8.0 12.5 1.0 15.5 ; 5 13.5 
Propagation Delay 3.3 1.5 10.0 14.0 1.0 17.0 1.5 15.5 
In to Zor Z 5.0 1.5 7.0 10.0 1.0 12.0 1.5 11.0 
Propagation Delay 1.5 9.0 14.0 1.0 16.5 1.5 15.5 
In to Z or Z 1.5 6.5 10.0 1.0 12.0 1.5 11.0 
Fir 18 


Output Enable Time 7.5 11.0 1.0 13.0 1.5 12.0 
OE toZorZ 5.5 8.0 1.0 10.0 1.5 9.0 


Output Enable Time 3.3 be 7.5 11.0 1.0 13.0 1.5 - x 
OE to ZorZ 5.0 5.5 8.0 1.0 10.0 1.5 
Output Disable Time 3.3 8.5 11.5 3.5 14.0 1.5 13.0 
OE to ZorZ 5.0 7.0 9.5 2.5 11.0 1.5 10.0 
Output Disable Time 3.3 . : 11.0 4.0 13.0 1.5 is . 
OE to ZorZ 5.0 8.0 3.0 10.0 1.5 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


AC Electrical Characteristics 


Vv ¥ Ta = —55°C Ta = —40°C 
Parameter Sg to + 125°C to +85°C 
an a 50 pF eel 50 pF 


Propagation Delay 7.0 
S, toZorzZ 
Propagation Delay 


S, to Zor Z 


Propagation Delay 
I, to Z or Z 


Propagation Delay 
Into ZorZ 


Output Enable Time 
OE to ZorZ 


Output Enable Time 

OE to Zor Z fof ee [oe ns 
Output Disable Time 

OE toZorZ 

Output Disable Time 

OE to ZorZ 


*Voltage Range 5.0 is 5.0V +0.5V 
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Capacitance 


Input | InputCapacitance _| = Voc = 5.0V 


Power Dissipation Vcc = 5.0V 
Capacitance 
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54AC/74AC253 © 54ACT/74ACT253 | 
Dual 4-input Multiplexer with TRI-STATE® Outputs 


General Description Features 

The 'AC/’ACT253 is a dual 4-input multiplexer with TRI- @ Multifunction capability 

STATE outputs. It can select two bits of data from four m™ Noninverting TRI-STATE outputs 
sources using common select inputs. The outputs may be mm Outputs source/sink 24 mA 
individually switched to a high impedance state with a HIGH = *ACT253 has TTL-compatible inputs 
on the respective Output Enable (OE) inputs, allowing the 

outputs to interface directly with bus oriented systems. 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


IEEE/IEC Pin Assignment 
for DIP, Flatpak and SOIC 


Olor, loa Na toe Ise fob tb !ap bsp 





TL/F/9946-1 


aon Omar WD 


TL/F/9946-3 


Pin Assignment 
for LCC 


loa tia NC loalsa 
TL/F/9946-2 reed 
fet aes @ 


Description 


Side A Data Inputs 
Side B Data Inputs 


Common Select Inputs 
Side A Output Enable Input 
Side B Output Enable Input 
TRI-STATE Outputs 





a8 .8 
4 (5) 
Ib lap NC 31, So 
TL/F/9946-4 
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Functional Description 


The 'AC/’ACT253 contains two identical 4-input multiplex- 
ers with TRI-STATE outputs. They select two bits from four 
sources selected by common Select inputs (So, $1). The 4- 
input multiplexers have individual Output Enable (OE,, OE,) 
inputs which, when HIGH, force the outputs to a high imped- 
ance (High Z) state. This device is the logic implementation 
of a 2-pole, 4-position switch, where the position of the 
switch is determined by the logic levels supplied to the two 
select inputs. The logic equations for the outputs are shown: 


Truth Table 


Za = Og ® (loa ® S1 * So + Iya eS © Sp + 
loa ® Sq * So + Iga @ Sy © So) 


Zp = OEb ® (lop ® Sy * So + Ib & Sy & Sp + 

lop @ Sy So + Igp © Sy ® So) 
If the outputs of TRI-STATE devices are tied together, all 
but one device must be in the high impedance state to avoid 
high currents that would exceed the maximum ratings. De- 
signers should ensure that Output Enable signals to TRI- 
STATE devices whose outputs are tied together are de- 
signed so that there is no overlap. 


Select Output 


irtmrrtrirex 
LLL ee crx 
x «KKK KK IP Xx 
xx< <x x IerxK xk x 
xx Doe wK KKK 
rm KKK KKK XK 
errr rer re rs 


Address Inputs So and S; are common to both sections. 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 


Logic Diagram 


eee 


2p 


Ir-rtlreirirn 


baad} 


Ze 


TL/F/9946-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 

please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 





Supply Voltage (Vcc) © 
‘AC 


2.0V to 6.0V 

Supply Voltage (Vcc) —0.5V to +7.0V "ACT | 4.5V to 5.5V 

ry Input rg Current (Ix) cas Input Voltage (V)). OV to Voc 
t= —0. —20mA 

Vi = Voc + 0.5V +20 mA ee ea as OV to Vcc 

; eratin emperature 
DC Input Voltage (V)) ~0.5V to Voc + 0.5V CGE ee aaoeisataee 
DC Output Diode Current (IQ) 54AC/ACT —55°C to +125°C 

Vo = —0.5V —20 mA , 

Vo = Vec + 0.5V +20 mA ea Temperature (Ty) aioe 
DC Output Voltage (Vo) —0.5V to to Voc + 0.5V PDIP 140°C 
DC Output Source Input Rise and Fall Time (t,, t,) 

or Sink Current (Io) +50 mA (Note 2) (Typical) 

DC Vcc or Ground Current (Except Schmitt Inputs) "AC Devices 

per Output Pin (I¢c¢ or Ignp) +50 mA Vin from 30% to 70% of Vcc 
Storage Temperature (Tstq) —65°C to + 150°C Voc @ 3.0V 150 ns/V 
Note 1: Absolute maximum ratings are those values beyond which damage Voc @ 4.5V : 40 ns/V 
to the device may occur. The databook specifications should be met, without Voc @ 5.5V 25 ns/V 
exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (t t) 
temperature, and output/input loading variables. National does not recom- Note 2 ical) fe 
mend operation of FACT™ circuits outside databook specifications. eae nn inputs) ‘ACT Devices 

VIN from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Voc @ 4.5V 10 ns/V 
Voc @ 5.5V _ 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. ‘ 


DC Characteristics for "AC Family Devices 


74AC 74AC 
= . Ta= Ta = 
Ta= +28°C | _secto +125°C | —40°C to +85°C Sonditene 
Typ Guaranteed Limits 
2.1 2.1 VouT = 0.1V 
2.25 3.15 3.15 Vv | orVcg — 0.1V 
2.75 3.85 3.85 
15 | 0.9 Vout = 0.1V 
2.25 | 1.35 VI orVog — 0.1V 
2.75 | 1.65 


2.99 | 29 2.9 
4.49 | 4.4 44 - 
5.49 | 5.4 5.4 


2.56 
3.86 
4.86 


Symbol Parameter 


Vin Minimum High Level 1.5 


Input Voltage 


ViL Maximum Low Level 
Input Voltage 












Vou Minimum High Level 
Output Voltage 


lout = —50 pA 


ap ola pb ow ae 
anoia un © ~“o 


*Vin = Vit or Vin 
—12mA 
lou —24mA 
—24mA 










Maximum Low Level 0.002 | 0.1 louT = 50 pA 
Output Voltage 0.001 0.1 
0.001 0.1 








*Vin = Vicor Vin 


3.0 0.36 0.50 12mA 
4.5 0.36 0.50 Vf lot 24mA 
0.36 0.50 24mA 





a 
a 


Maximum Input 
Leakage Current 
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DC Characteristics for "AC Family Devices (continued) 


mac [sac | 7aAC 


Voc °C Ta= Ta = 
rorameter 0 —55°C to + Loe are are +e —40°C to + 85°C ronauenn 


| ss GuaranteedLimits si Limits 
Maximum TRI-STATE® V (OE) = Vins Vin 
Current Vi= “Voc: GND 
tMinimum Dynamic 
Output Current 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: lj and Ioc @ 3.0V are guaranteed to be fess than or equal to the respective limit @ 5.5V Vcc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for ’ACT Family Devices 


Symbol! 


ViH 


VIL 


lin 


loz 


Icct 


loLD 
lOHD 
loc 





74ACT 54ACT 74ACT 


= Ta = 
—55°C to + 125°C er to +85°C 


| typ | | ——sGuaranteedLimits = Limits 

Minimum High Level 4.5 1.5 Vv VouT = 0.1V 
Input Voltage 5.5 1.5 or Vcc — 0.1V 
Maximum Low Level 4.5 1.5 0.8 0.8 0.8 VouT = 0.1V 
Input Voltage 5. a 1.5 Ea 8 aa 8 0.8 or Vcc — 0.1V 
Minimum High Level 4, ee 4.4 lout = —50 pA 
Output Voltage ee 49 5.4 

. *Vin = Vitor Vin 
4.5 3.86 3.70 3.76 —24mA 
5.5 ce 86 ae 70 a 76 On —24 mA 


Maximum Low Level paeeed 001 | y [tur = 50 pA 
Output Voltage 0. Fal 


id is = Vit or Vip 
4.5 0.36 0.50 0.44 24mA 
55 0.36 0.50 0.44 OL 24 mA 
Maximum Input 7 
Maximum TRI-STATE® pats Vins ViH 
ee ee ieee Vo = Voc, GND 
Maximum nk Vi = Voc — 2.1V 
Ioc/Input 


Minimum Dynamic a = 1.65V Max 
Output Current = 3.85V Min 


Maximum Quiescent 460.0 mele = Voc 
Supply Current or GND 


Parameter Ta = +25°C Conditions 


*All outputs loaded; thresholds on input associated with output under test. 
TMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics 


74AC | sac | 74a 
Parameter 


Ta = —55°C Ta = —40°C 
to + 125°C to +85°C 
C. = 50 pF C. = 50 pF 


Ta = +25°C 
C. = 50 pF 


Min | Min Typ Max | Max 


Propagation Delay 2.0 8.5 15.5 1.0 19.5 2.0 17.5 
Sp, to Zp 2.0 6.5 11.0 1.0 13.5 1.5 12.5 


Propagation Delay 2.5 9.5 16.0 1.0 20.0 2.0 18.0 
Sp to Zp 2.0 7.0 11.5 1.0 15.0 1.5 13.0 
Propagation Delay 1.5 7.0 14.5 1.0 19.0 1.5 17.0 
In to Zp 1.5 5.5 10.0 1.0 13.0 1.6 11.5 
Propagation Delay 2.0 7.5 13.0 1.0 16.0 1.5 15.0 
Into Zp, 1.5 5.5 9.5 1.0 12.0 1.5 11.0 


Output Enable Time i : ; 8.0 1.0 9.6 1.0 8.5 
6.0 1.0 7.0 1.0 6.5 


Output Enable Time 8.0 1.0 10.0 1.0 9.0 
6.0 1.0 7.5 1.0 
Output Disable Time 2.0 5.5 9.5 1.0 11.0 1.5 
2.0 5.0 8.0 1.0 9.5 1.5 8.5 
Output Disable Time Le 1.5 5.0 8.0 1.0 9.5 1.0 9.0 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


AC Electrical Characteristics 


Parameter a = : a 
Propagation Delay 
Sp to Zp 
Propagation Delay 3.0 7.5 13.0 2.5 14.5 
Sp to Zn 
Propagation Delay 
In to Zp7 
Propagation Delay - 
Into Zp 


aaa 2.0 
Output Enable Time | 5.0 | 2.0 
Output Disable Time | 5.0 | 3.0 
| Output Disable Time | 5.0 | 25 


*Voltage Range 5.0 is 5.0V +0.5V 
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Capacitance 












Parameter —s cs 
Parameter 
Input Capacitance 


Power Dissipation 
Capacitance 
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Conditions 


Voc = 5.0V 


Voc = 5.0V 
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National 
Semiconductor 


54AC/74AC257¢54ACT/74ACT257 
Quad 2-Input Multiplexer with TRI-STATE® Outputs 


General Description 


The 'AC/’ACT257 is a quad 2-input multiplexer with TRI- 
STATE outputs. Four bits of data from two sources can be 
selected using a Common Data Select input. The four out- 
puts present the selected data in true (noninverted) form. 
The outputs may be switched to a high impedance state by 
placing a logic HIGH on the common Output Enable (OE) 
input, allowing the outputs to interface directly with bus-ori- 
ented systems. 


Ordering Code: see Section 5 


Logic Symbols 


IEEE/IEC 


loa Ha fob Nib loc Ne low Ita 


TL/F/9949-1 


_finNames | __Deserption_ 


Common Data Select Input 
TRI-STATE Output Enable Input 


Data Inputs from Source 0 
Data Inputs from Source 1 
TRI-STATE Multiplexer Outputs 





Features 

m Multiplexer expansion by tying outputs together 
m@ Noninverting TRI-STATE outputs 

m Outputs source/sink 24 mA 

g 'ACT257 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


On OmMnrk WD 


TL/F/9949-3 


Pin Assignment 
for LCC 


Nb lop NC Ze lhe 
a0 ag EI] 
fnbain & 


TL/F/9949-2 


PALA 
2 1 7 
hd Ze NC he bbe 


TL/F/9949-4 
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Functional Description 


The 'AC/’ACT257 is quad 2-input multiplexer with TRI- 
STATE outputs. It selects four bits of data from two sources 
under control of a Common Data Select input. When the 
Select input is LOW, the Ip, inputs are selected and when 
Select is HIGH, the I,, inputs are selected. The data on the 
selected inputs appears at the outputs in true (noninverted) 
form. The device is the logic implementation of a 4-pole, 2- 
position switch where the position of the switch is deter- 
mined by the logic levels supplied to the Select input. The 
logic equations for the outputs are shown below: 


Za = OE *(14a°S + loa eS) 

Zp = OE *(11p°S + lop S) 

Zo = OE ® (14¢°S + log ® S) 

Zg = OE ® (11g°S + log? S) 
When the Output Enable (OE) is HIGH, the outputs are 
forced to a high impedance state. If the outputs are tied 


together, all but one device must be in the high impedance 
state to avoid high currents that would exceed the maxi- 


Logic Diagram 


mum ratings. Designers should ensure the Output Enable 
signals to TRI-STATE devices whose outputs are tied to- 
gether are designed so there is no overlap. 


Truth Table 


Data 
aan 





HIGH Voltage Level 
LOW Voltage Level 
Immaterial 

High Impedance 


hou wy 


NXCX 


“rorry 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


TL/F/9949-5 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to 7.0V 
DC Input Diode Current (Ij) 
V, = —0.5V —20mA 
Vi = Voc +0.5V +20 mA 


DC Input Voltage (V)) 
DC Output Diode Current (Io¢x) 


~0.5V to Vccg +0.5V 


Vo = —0.5V —20mA 

Vo = Voc +0.5V +20mA 
DC Output Voltage (Vo) ~—0.5V to Voc +0.5V 
DC Output Source or Sink Current (Io) +50mA 
DC Voc or Ground Current 

Per Output Pin (Ic¢c or IG@np) +50 mA 


Storage Temperature (Tstg) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 





DC Characteristics for "AC Family Devices 





Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
"AC 


2.0V to 6.0V 
"ACT 4.5V to 5.5V 
Input Voltage (V)) OV to Voc 
Output Voltage (Vo) OV to Vcc 
Operating Temperature (Ta) 
74AC/ACT —40°C to +85°C 
54AC/ACT ~ 55°C to + 125°C 
Junction Temperature (Ty) 
CDIP 175°C 
PDIP 140°C 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70%, Voc 


Voc @ 3.0V 150 ns/V 

Voc @ 4.5V 40 ns/V 

Voc @ 5.5V 25 ns/V 
Input Rise and Fall Time (t,, t,) 

(Note 2) (Typical) 

(Except Schmitt Inputs) "ACT Devices 

VIN from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Voc @ 4.5V 10 ns/V 

Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 





mac | aac | 74a 


Parameter 


Symbol 





ee 2.1 
ie 2.25 | 3.15 
2.75 | 3.85 


3.0 1.5 0.9 
4.5 2.25 1.35 
2.75 1.65 


3.0 2.99 2.9 
45 4.49 4.4 
5.49 5.4 





Vind Minimum High Level 


Input Voltage 















VIL Maximum Low Level 


Input Voltage 















Minimum High Level 
Output Voltage 











2.56 
3.86 
4.86 


0.002 | 0.1 
4.5 | 0.001 0.1 
0.001 0.1 


Maximum Low Level 
Output Voltage 









3.0 0.36 
ae 0.36 
0.36 


Vcc - 26 Ta= Ta = 


Guaranteed Limits : 


2.1 2.1 
3.15 3.15 
3.85 


ie 
1.65 


0.1 a 


Conditions 


VouT = 0.1V 
or Voc — 0.1V 


< 


VouT = 9.1V 
or Voc — 0.1V 


< 





louT = —50 pA 


ia 7 Vv 


*Vin = Vit or Vin 
2.46 —-12mA 
3.76 IOH —24mA 
—24mA 


< 











louT = 50 pA 


< 


*Vin = Vitor Vin 


0.50 0.44 12mA 
0.50 0.44 lon 24mA 
0.50 0.44 24mA 


Maximum Input Vi = Voc, GND 
Leakage Current 








DC Characteristics for "AC Family Devices (continued) 


4. op, BE w+ SEES ESE BE 5° Eee Conditions 


| ss GuaranteedLimits si Limits 


Maximum TRI-STATE Vi (OE) = Vin Vin 

Leakage Current Vi = Voc, GND 
Vo = Vcc, GND 
VoLp = 1.65V Max 


Voup = 3.85V Min 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 


Note: liq and Ioc¢ @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
Ioc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Vcc °C 
Symbol Parameter (V) Ta = +25°C eee is +425°C | — ae “a ae fee Conditions 


Guaranteed Limits 
Vin Minimum High Level 2.0 Vv Vout = 0.1V 
Input Voltage 2.0 or Vcc — 0.1V 
VIL Maximum Low Level 4.5 1.5 0.8 0.8 0.8 V Vout = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vcc — 0.1V 


VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 Vv louT = —50 pA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 
"Vin = Vit or Viq 
4.5 3.86 3.70 3.76 V |io —24mA 
5.5 4,86 4.70 4.76 —24mA 
Maximum Low Level 4.5 } 0.001 0.1 0.1 | | er 50 pA 
Output Voltage 5.5 | 0.001 0.1 0.1 
a. = Vi_ or Vin 
0.36 0.50 0.44 24mA 
0.36 4 50 0. <i 24mA 
lin Maximum Input = Voc, GND 
Leakage Current 
loz Maximum TRI-STATE $10.0 = Vit VIH 
Leakage Current ce Voc, GND 
lect Maximum Vi = Voc — 2.1V 
Ioc/Input 
loLo tMinimum Dynamic | 55 | = 1.65V Max 
loc Maximum Quiescent Vin = Voc 
Supply Current ; or GND 
*All outputs loaded; thresholds on input associated with output under test. 


tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Ico for S4ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics 


Parameter Vcc" 
(V) 


Propagation Delay zi : 8.5 
In to Zh 6.0 


Propagation Delay 8.5 
In to Zpy 6.0 
Propagation Delay 10.5 
Sto Zp 


1.0 

is 6 7.5 1.0 

Propagation Delay 15 7.5 10.5 1.0 
Sto Zp 15 5.5 7.5 1.0 
15 65 9.5 1.0 


Output Enable Time eee, 1.5 50 7.5 

15 55 90 
Output Enable Time ee 1.5 50 8.5 
Output Disable Time Lae ee = a oe 4 
Output Disable Time $5 | . : 


*Voltage Range 3.3 is 3.0V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


AC Electrical Characteristics 


Parameter Vec* |. 
(V) 


Propagation Delay 
In to Zn 


Propagation Delay 
In to Zp, 


Propagation Delay 

S to Zp, 

propagation Delay 25 70 105] 1.0 11.5 2.0 11.5 
S to Zp, 


| OutputEnableTime | 50 | 20 60 
| OutputEnableTime | 50 | 20 60 80 
| Output DisableTime | 5.0 | 25 65. 

| Output Disable Time | 6.0 | 20 


*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


Ta = —55°C 
to + 125°C 
C, = 50 pF 


11.0. 


1.0 


1.0 


1.0 


1.0 
1.0 
1.0 


1.0 
1.0 


1.0 


8.0 


11.0 


14.5 
11.0 


14.5 
11.0 


13.0 
10.0 


11.0 
9.5 


13.0 
11.0 


10.5 
9.5 


1.0 


1.0 
1.0 


1.0 
1.0 


so | to 95 | 15 90 | ns_| 
| 1095 


9.5 
eo | 10 105 | 15 100 | ns 
75 | 10 90 | 15 85 | ns 


Input Capacitance 


| Voc = 5.0V = §.0V 





Power Dissipation 7 
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National 
Semiconductor 


54AC/74AC258 ¢ 54ACT/74ACT258 
Quad 2-Input Multiplexer with TRI-STATE® Outputs 


General Description 


The *AC/’ACT258 is a quad 2-input multiplexer with TRI- 
STATE outputs. Four bits of data from two sources can be 
selected using a common data select input. The four out- 
puts present the selected data in the complement (inverted) 
form. The outputs may be switched to a high impedance 
state with a HIGH on the common Output Enable (OE) input, 
allowing the outputs to interface directly with bus-oriented 
systems. 


Ordering Code: see Section 5 


Logic Symbols 


IEEE/IEC 





loa Nye 'ob Ib boc Ne Nod Na 


TL/F/9950-1 


___PinNames | Description 


Common Data Select Input 
TRI-STATE Output Enable Input 


Data Inputs from Source 0 
Data Inputs from Source 1 
TRI-STATE Inverting Data Outputs 








c 
I - 
od iy 
Ng 


Features 

@ Multiplexer expansion by tying outputs together 
@ Inverting TRI-STATE outputs 

m Outputs source/sink 24 mA 

mg 'ACT258 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


1 

2 
3 
4 
5 
6 
7 
8 





TL/T/oo59-3 
thst fever 


TL/F/9950-2 
Pin Assignment 
for LCC 
Ib op NC Za he 
[6] [5] 
-2-8-8°8 






z, &l loa 
GND Ss 

Ne CONc 

242 Voc 


o.8 8.8 
WE te ts 
hd Ze NC He bee 


TL/F/9950-4 
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Functional Description 


The ’AC/’ACT258 is a quad 2-input multiplexer with TRI- 
STATE outputs. It selects four bits of data from two sources 
under contro! of a common Select input (S). When the Se- 
lect input is LOW, the Io, inputs are selected and when Se- 
lect is HIGH, the |1, inputs are selected. The data on the 
selected inputs appears at the outputs in inverted form. The 
*AC/"ACT258 is the logic implementation of a 4-pole, 2-po- 
sition switch where the position of the switch is determined 
by the logic levels supplied to the Select input. The logic 
equations for the outputs are shown below: 

La = OE ® (4a eS + loa ® S) 

Zp = OE ¢ (ly pe S + lob @ S) 

Zo = OE * (ice S + loc @ S) 

Za = OF #(l4ygeS + log ® S) 
When the Output Enable input (OE) is HIGH, the outputs are 
forced to a high impedance state. If the outputs of the TRI- 
STATE devices are tied together, all but one device must be 
in the high impedance state to avoid high currents that 
would exceed the maximum ratings. Designers should 


Logic Diagram 


ensure that Output Enable signals to TRI-STATE devices 
whose outputs are tied together are designed so there is no 
overlap. 


Truth Table 


Output Data 
ei | fect | nin | OO 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

2 = High Impedance 


TL/F/9950-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (note 1) 


if Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


—0.5V to +7.0V 


Recommended Operating 
Conditions 
Supply Voltage (Vcc) 

‘AC 


2.0V to 6.0V 


Supply Voltage (Vcc) 

DC Input Diode Current (Ix) 
V\ = —0.5V 
Vi = Voc + 0.5V 

DC Input Voitage (Vj) 

DC Output Diode Current (lox) 
Vo = —0.5V 


Vo = 


Voc + 0.5V 


—0.5V to Vog + 0.5V 


‘ACT 
Input Voltage (V)) 
Output Voltage (Vo) 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 
CDIP 


—20mA 
+20 mA 


—20mA 
+20mA 


4.5V to 5.5V 
OV to Voc 
OV to Vcc 


—40°C to +85°C 
— 58°C to + 125°C 


175°C 


DC Output Voltage (Vo) 


DC Output Source 
or Sink Current (!o) 


DC Voc or Ground Current 
per Output Pin (Ic¢c or I@np) +50 mA 


Storage Temperature (TsTq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—0.5V to to Voc + 0.5V 


+50 mA 


PDIP 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Vcc 
Vcc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 


140°C 


150 ns/V 
40 ns/V 
25 ns/V 


(Except Schmitt Inputs) "ACT Devices 
Vin from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Voc @ 4.5V 

Voc @ 5.5V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 


typical input rise and fall times noted here. 


DC Characteristics for "AC Family Devices 


Symbol 


VIH 


ViL 


lin 





Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 


Maximum Input 
Leakage Current 


ar w ALR ola pO} A w os 
aan o aqmao;ianao;,aano ~—Oo 


74AC 


Ta = +25°C 


Typ 
1.5 


2.25 
2.75 


1.5 
2.25 
2.75 


2.99 
4.49 
5.49 


0.002 
0.001 
0.001 


74AC 


Ta Ta= 
—55°C to + 125°C | —40°C to + 85°C 


Guaranteed Limits 


2.1 
3.15 
3.85 


0.9 
1.35 
1.65 


2.9 
4.4 


2.1 
3.15 
3.85 


0.9 
1.35 
1.65 


2.9 
4.4 
5.4 


2.1 


2.56 
3.86 
4.86 


0.1 
0.1 
0.1 


3.76 
4.76 


4.7 


0.36 0.50 


0.36 0.50 0.44 


V 
0.36 0.50 0.44 
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0.44 


Conditions 


VouT = 0.1V 
or Vcc — 0.1V 


VouT = 0.1V 
or Vcc — 0.1V 


lout = —50 pA 


*Vin = Vitor Vin 
—12mA 
—24mA 
—24mA 


louT = 50 pA 


lou 


"Vin = Vit Or Vin 
12mA 
24mA 
24mA 


Vi = Voc, GND 


lot 
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DC Characteristics for ’AC Family Devices (continued) 


vanc_ | saac_ | 74a 


Vec Ta= Ta= Ta = 
Parameter | = ee Leese ae ae, Cto + 125°C | —40°C to +85°C Conditions 


Guaranteed | GuaranteedLimits 
Maximum TRI-STATE® V, (OE) = Vit. Vin 


Current +0.5 : +5.0 pA | Vi = Voc, GND 
ac Voc, GND 


TtMinimum Dynamic | mA | VoLtp = 1.65V Max 


Maximum Quiescent 

Supply Current 
*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 


Note: Ii and Icco @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vcc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Ta = Ta = Ta = a 
Symbol Parameter _55°C to + 125°C | —40°C to +85°C Conditions 


Guaranteed Limits 
Vin Minimum High Level 
Input Voltage 


VIL Maximum Low Level 
' | Input Voltage 
Minimum High Level 
Output Voltage 
3.86 3.70 
4.86 4.70 
*Vin = Vit or Vin 
0.36 0.50 0.44 24 mA 
0.36 0.50 0.44 24mA 
£01 HA_|Vi = Voc, GND 


Vi = Viv Vin 
v2 = Vcc, GND 


= Voc — 2.1V 


VouT = 0.1V 
or Voc — 0.1V 


VouT = 0.1V 
or Voc — 0.1V 


wp 
oo 


oO 
o 


sa EES anloo 
oa RR ILO © 


1.5 
1.5 


-j)o 
BR | © 


louT = —50 pA 


ar 
Ah 
oo 
a) 
as 


*Vin = Vitor Vin 
—24mA 
—24mA 


Maximum Low Level 
Output Voltage 


louT = 50 pA 


0.001 
0.001 





4.5 
5.5 
4.6 
5.5 
4.5 
5.5 
ri 


arlooInn 
AARIlO@AIlOO 


lin Maximum Input Leakage Current 


loz Maximum TRI-STATE® 
Current 
loct Maximum 
Ioc/Input 
loLD TtMinimum Dynamic 
| Output Current 
OHD 
loc Maximum Quiescent 
Supply Current 
*All outputs loaded; thresholds on input associated with output under test. 


t+Maximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 


+10.0 +5.0 pA 


mA 


ae mA | Voup = 1.65V Max 
Vou = 3.85V Min 


Vin = Voc 


| 
= 
a 


H- 
9 
on 
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AC Electrical Characteristics 


74AC | s4ac | 7A 
Parameter 


Tass C25 ye ase. 
= 


en Sr = 50 pF 


Propagation Delay 
In to Zn 


Propagation Delay 

In to Zn 
Propagation Delay 
StoZ, 


Propagation Delay 
StoZp, 


Output Enable Time Fa 


Output Enable Time Re 
Output Disable Time BE 
Output Disable Time 
= ; 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


AC Electrical Characteristics 
Ta = —55°C 


to + 125°C 
C_ = 50 pF 


Ta = +25°C 
C, = 50 pF 


74ACT 54ACT 74ACT 
Vcc* 
Symbol Parameter 
(V) 


Min Typ Max 


tpLH Propagation Delay 6.5 
Into Zy, 


teHL Propagation Delay 
In to Zn 

tPLH Propagation Delay 
StoZpy 

teyL Propagation Delay 
StoZn 


tev | OutputEnableTime | 50 | 20 65 85 = CRE 
tex___| OutputEnabieTime | 5.0 | 20 a5 | 10 100 | 15 95 | ns | 
toyz | Output Disable Time | 5.0 | 1.5 90 | 10 105 | 10 100 | ns | 
tz _| Output DisableTime | 60 | 20 o | 10 10 | 15 90 | ns | 
Capacitance 


*Voltage Range 5.0 is 5.0V +0.5V 
pee 


Power Dissipation 
Capacitance 


Voc = 5.0V 
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National ADVANCE INFORMATION 
Semiconductor 


54AC/74AC269 
8-Bit Bidirectional Binary Counter 





General Description Features 


The 'AC269 is a fully synchronous 8-stage up/down counter ™@ Synchronous counting and loading 
featuring a preset capability for programmable operation, m& Built-in lookahead carry capability 
carry lookahead for easy cascading and aU/Dinputtocon- m 300 mil slimline package 

tro! the direction of counting. All state changes, whether in 

counting or parallel loading, are initiated by the rising edge 


of the clock. 
Logic Symbols Connection Diagrams 
Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC 






Qe Q1 A NCU PE Pp 
oOo) 


Po Py Po Ps Py Ps Pe P 


CP Qy Q; Q, Qs 4 Qs Og OQ, 


TL/F/9953~1 





1 
2 
3 
4 
5 
6 
7 
8 
IEEE/IEC 9 





Donan aE 
CP CEP CETNC TC P7 Pe 


TL/F/9953-3 


CTR DIV 256 
Mt (LOAD) 





= =. 
n= OO 





TL/F/9953-2 
CET 
CEP 

cP 





Po Q% 
P Q 
Function Table 
Pa Q. 
P3 Qs 
Py Q, Parallel Load All 
Ps Qs Flip-Flops 
Pe Q Hold 
; ey Hold (TC Held HIGH) 
: Y Count Up 
Tc Count Down 
H = HIGH Voltage Level 
TL/F/9953-4 L = LOW Voltage Level 
X = Immaterial 


~ = Transition LOW-to-HIGH 
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National 
Semiconductor 


54AC/74AC273 ¢ 54ACT/74ACT273 


Octal D Flip-Flop 


General Description 


The ’AC/’ACT273 has eight edge-triggered D-type flip-flops 
with individual D inputs and Q outputs. The common buff- 
ered Clock (CP) and Master Reset (MR) input load and re- 
set (clear) all flip-flops simultaneously. 


The register is fully edge-triggered. The state of each D in- 
put, one setup time before the LOW-to-HIGH clock tran- 
sition, is transferred to the corresponding flip-flop’s Q out- 
put. , 


All outputs will be forced LOW independently of Clock or 
Data inputs by a LOW voltage level on the MR input. The 
device is useful for applications where the true output only is 
required and the Clock and Master Reset are common to all 
storage elements. 


Features 

m Ideal buffer for MOS microprocessor or memory 
m@ Eight edge-triggered D flip-flops 

m@ Buffered common clock 

m Buffered, asynchronous master reset 

@ See '377 for clock enable version 

m See ’373 for transparent latch version 

gs See '374 for TRI-STATE version 

m Outputs source/sink 24 mA 

m 'ACT273 has TTL compatible inputs 


The information for the ACT273 is Advanced Information only. 


Ordering Code: see Sections 
Logic Symbols 


IEEE/IEC 


Do Dy Dz Ds Dy Ds Dg 07 


% Q, Q, Q3 Q, Qs Qs Q, 


TL/F/9954-1 


Description 


Do-D7 Data Inputs 


MR Master Reset 
CP Clock Pulse !nput 


Qo0-Q7 Data Outputs 





Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


MR 
Do 


Dy 
Q, 


oan ornunkrhr way 


= 
oO 


TL/F/9954-2 


TL/F/9954-3 


Pin Assignment 
for LCC 
Ds Dz Q2 Q Dy 
(5) (5) 4) 
Ben EH 


(3) 
Ds Q5 Og Dg Dy 
TL/F/9954-4 
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37 Kd 


273 


Mode Select-Function Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 

X = Immaterial ‘ 

-/_ = LOW-to-HIGH Transition 


TL/F/9954-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallability and specifications. 
Supply Voltage (Vcc) -0.5V to +7.0V 
OC Input Diode Current (I)x) 
V; = —0.5V 
Vi = Voc + 0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (lox) 
Vo = —0.5V 
Vo = Voc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Vcc or Ground Current 
per Output Pin (Icc or Iqnp) +50 mA 
Storage Temperature (Tstaq) — 65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20mA 
+20 mA 


—0.5V to Voc + 0.5V 
—20mA 
+20mA 

—0.5V to to Veg + 0.5V 


+50 mA 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
‘AC 


2.0V to 6.0V 
*ACT 4.5 to 5.5V 


Input Voltage (Vj) OV to Vcc 
Output Voltage (Vo) OV to Voc 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 
CDIP 1 75°C 
PDIP 140°C 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 
Vcc @ 3.0V 
Vcc @ 4.5V 
Vcc @ 5.5V 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 


— 40°C to + 85°C 
—55°C to + 125°C 


150 ns/V 
40 ns/V 
25 ns/V 


7 Kd 


(Except Schmitt Inputs) "ACT Devices 

Vin from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Voc @ 4.5V 10 ns/V 
Voc @ 5.5V 8 ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


DC Characteristics for "AC Family Devices 


74AC ct 


Vcc 


Symbol Parameter Conditions 


Guaranteed Limits 


Vin Minimum High Level | 3.0 ae 
Input Voltage . 2.25 : 3 
2.75 3.85 


Vit Maximum Low Level 1.5 
Input Voltage 2.25 ‘ oe 
2.75 1.65 


Minimum High Level } 3.0 2.99 
Output Voltage . 4.49 : rv 
5.49 . 5.4 


Vout = 0.1V 
or Vcc — 0.1V 


VouT = 0.1V 
or Vcc — 0.1V 


lout = —50 pA 


*Vin = Vit Or Vin 
2.4 ‘ —12mA 
3.7 3 lou —24mA 
4.7 é —24mA 


Maximum Low Level : . . 0.1 ; louT = 50 pA 
Output Voltage : k p 0.1 


0.1 
*Vin = Vit or Vi 
12mA 
lo. 24mA 


24mA 
Maximum Input Vi= 
Leakage Current 


Voc. GND 
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DC Characteristics for ’AC Family Devices (continued) 


| anc | aac | 74a 
Veo | aq = +250 | °C Ta= Ta= 
Parameter (V) tas +250 | _55° ee to +125°C | —40°C to +85°C Conditions 
|= GuaranteedLimits si Limits 


{Minimum Dynamic a a a Voip = 1.65V Max 
Maximum Quiescent = 
Supply Current 


“All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 


Note: lx and icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vcc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


AC Electrical Characteristics 


Ta = —55°C 
Parameter to + 125°C 
; ae ae = 50 pF 
| Min Typ Max | 


Maximum Clock = 

Frequency : i 90 : ce 
Propagation Delay 4.0 12.5 15.0 14.0 
Clock to Output 3.0 5.5 9.0 ic 11.0 10.0 
Propagation Delay 4.0 7.0 13.0 1.0 16.0 

Clock to Output 3.0 5.0 10.0 1.0 11.5 

Propagation Delay 4.0 7.0 13.0 1.0 16.0 

MR to Output 3.0 5.0 10.0 1.0 11.5 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is §.0V +0.5V 


AC Operating Requirements 


74AC | sac | 74a 
Vec e 
Parameter 
(Vv) 


Dacie Ta = —55°C 
Tan 2eG to + 125°C 


C. = 50 pF 


Guaranteed Minimum 


Hold Time, HIGH or LOW 
Data to CP 


Clock Pulse Width 
HIGH or LOW 


Setup Time, HIGH or LOW 8.0 
Data to CP 5.0 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 
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€Z2 


Capacitance 


| ee |r| 


Power Dissipation Voc = 5.0V 
Capacitance 
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National 
Semiconductor 


54AC/74AC280 © 54ACT/74ACT280 
9-Bit Parity Generator/Checker 


General Description Features 


The ’AC/’ACT280 is a high-speed parity generator/checker ™ 9-bit width for memory applications 
that accepts nine bits of input data and detects whether an mm 'ACT280 has TTL-compatible inputs 


even or an odd number of these inputs is HIGH. If an even 
number of inputs is HIGH, the Sum Even output is HIGH. If 
an odd number is HIGH, the Sum Even output is LOW. The 
Sum Odd output is the complement of the Sum Even output. 


The information for the ’ACT280 is Advanced Information only. 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment for 


lb ly ly tly oils Ig by Ig DIP, SOIC and Flatpak 


TL/F/9955-1 


IEEE/IEC 


TL/F/9955-2 


TL/F/9955-4 


Description 


lo—lg Data Inputs 


Zo Odd Parity Output 
rE Even Parity Output 
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Pin Assignment 
for LCC 


Z_eNC lg NC NC 
BOE 
nn 8 


LAA 
1) 5) fe 7 
b NC lz NC ly 
TL/F/9955-3 





Truth Table 


Number of 


HIGH Inputs 

Io~lg = Even = Odd 
0, 2, 4,6,8 H L 
1,3,5, 7,9 L H 


H = HIGH Voltage Level 
L = LOW Voltage Level 


Logic Diagram 


Ig 7 


== a 

Vi) | iy tt lly 
ost ot 
aa aa LL 


BELT: 


3 


TL/F/9955-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (note 1) 
If Military/Aerospace specified devices are required, 


Recommended Operating 
Conditions 


please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (jx) 
Vv; = —0.5V 
Vi = Voc + 0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (Iq) 
Vo = —0.5V 
Vo = Vcc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Voc or Ground Current 
per Output Pin (Icc or Iqnp) +50 mA 
Storage Temperature (Tsta) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, output/input loading variables. National does not recommend 
operation of FACTT circuits outside databook specifications. 


Supply Voltage (Vcc) 
‘AC 


2.0V to 6.0V 
4.5V to 5.5V 


OV to Voc 
OV to Vcc 


"ACT 
Input Voltage (V)) 
Output Voltage (Vo) 


Operating Temperature (Ta) 
74AG/ACT 
54AC/ACT 


Junction Temperature (Tj) 
CDIP 
PDIP 


Input Rise and Fall Time (t,, t) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Vcc 
Voc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (tr, t) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 
Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Voc @ 4.5V 10ns/V 
Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


—20mA 
+20 mA 


—0.5V to Voc + 0.5V ~—40°C to + 85°C 


—55°C to + 125°C 
—20mA 


+20 mA 
—0.5V to to Voc + 0.5V 


175°C 
140°C 


+50 mA 


150 ns/V 
40 ns/V 
25 ns/V 


DC Characteristics for "AC Family Devices 


vnc | aac 


Ta = Ta = 
—55°C to + 125° —40°C to +85°C 


Typ Guaranteed Limits 


Vin Minimum High Level } 3.0 1.5 i 2.1 
Input Voltage 4.5 2.25 3.15 
5.5 2.75 3.85 


VIL Maximum Low Level | 3.0 1.5 ; 0.9 
Input Voltage 4.5 2.25 1.35 
2.75 


2.99 ; ; i lout = —50 pA 
4.49 
5.49 


5.5 
A 5.4 5.4 5.4 
"Vin = Vicor Vin 
: 2.4 é —12mA 
3.86 3.7 : lou —24mA 
4.86 4.7 ; 
3.0 0.1 


74AC 


Vec| +, = +25 Conditions 


(V) 


Symbol Parameter 


Vout = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Voc — 0.1V 


Minimum High Level 
Output Voltage 


—24mA 


Maximum Low Level : 0.002 
Output Voltage 45 0.001 0.1 0.1 
5.5 0.001 0.1 0.1 


"Vin = Vitor Vin 
3.0 0.36 0.50 12mA 
4.5 0.36 0.50 lot 24mA 
5.5 0.36 0.50 24mA 
Fa 
Leakage Current 
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lout = 50 pA 





DC Characteristics for ’AC Family Devices (continued) 


mac | sang | 748 


Ta = Ta = 
Parameter Ta = +25°C ee Cto +125°C | —40°C to +85°C Conditions 


| typ | Guaranteed | == GuaranteedLimits = 


{Minimum Dynamic Sa Voup = 1.65V Max 


Output Current Voup = 3.85V Min 


Maximum wf 88 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 


Note: lj and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74 AC @ 25°C. 


AC Electrical Characteristics 





Parameter Ta = +25°C 


Propagation Delay 


Propagation Delay 5.0 12.0 
Into Zo 3.0 8.5 


Capacitance 


Power Dissipation 7 
Capacitance , pF Voc = 5.0V 
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National ADVANCE INFORMATION 
Semiconductor 


54AC/74AC283 © 54ACT/74ACT283 
4-Bit Binary Full Adder with Fast Carry 


General Description Features 


The 'AC/’ACT283 high-speed 4-bit binary full adder with in- | ™ ‘'ACT283 has TTL-compatible inputs 
ternal carry lookahead accepts two 4-bit binary words (Ap- 

Ag, Bo-Bg) and a Carry input (Co). It generates the binary 

Sum outputs (So-S3) and the Carry output (C4) from the 

most significant bit. The 'AC/’ACT283 will operate with ei- 

ther active HIGH or active LOW operands (positive or nega- 

tive logic). 


Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
Ap By Ay By Ap Bo Az Bz DIP, SOIC and Flatpak for LCC 


By Ap NC So Ay 
BOWE 
[| 


TL/F/9956-1 


IEEE/IEC 





a8 ,8 8 
5) 
Bs Az NC Sp Ap 
TL/F/9956-3 


an mun ek WD 


TL/F/9956-2 


TL/F/9956-4 


A Operand Inputs 
B Operand Inputs 
Carry Input 

Sum Outputs 
Carry Output 
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National - 
Semiconductor 


54AC/74AC299 ¢ 54ACT/74ACT299 
8-Input Universal Shift/Storage 
Register with Common Parallel |/O Pins 


General Description 

The *AC/’ACT299 is an 8-bit universal shift/storage register 
with TRI-STATE® outputs. Four modes of operation are 
possible: hold (store), shift left, shift right and load data. The 
parallel load inputs and flip-flop outputs are multiplexed to 
reduce the total number of package pins. Additional outputs 
are provided for flip-flops Qo, Q7 to allow easy serial cas- 
cading. A separate active LOW Master Reset is used to 
reset the register. 


Ordering Code: see Section 5 
Logic Symbols 


OUMR Q6 1/0 1/0; 1/02 1/03 1/04 1/05 1/05 1/07 


jEEE/IEC 


Features 

@ Common parallel 1/O for reduced pin count 

@ Additional serial inputs and outputs for expansion 

m Four operating modes: shift left, shift right, load and 
store ; 

@ TRI-STATE outputs for bus-oriented applications 

@ Outputs source/sink 24 mA 

mg ’ACT299 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


TLIF/3633-1 


1 
2 
3 
4 
5 
6 
7 
8 
9 


_ 
o 


TL/F/9893-2 


Pin Assignment 
for LCC 


0g 1/0g1/021/041/0¢ 
leafs Fe] z3} 


MH 
1/031/05|/07 Q7 OS 


TL/F/9893-3 


TL/F/9893-4 
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299 


Description 


CP Clock Pulse Input 

DSo Serial Data Input for Right Shift 
DS7 Serial Data Input for Left Shift 
So, S1 Mode Select Inputs 

MR Asynchronous Master Reset 


OE,, OE. TRI-STATE Output Enable inputs 


1/O9-1/07 Parallel Data Inputs or 
TRI-STATE Parallel Outputs 
Qo, Q7 Serial Outputs 


Functional Description 


The ’AC/’ACT299 contains eight edge-triggered D-type flip- 
flops and the interstage logic necessary to perform synchro- 
nous shift left, shift right, parallel load and hold operations. 
The type of operation is determined by So and S;, as shown 
in the Truth Table. All flip-flop outputs are brought out 
through TRI-STATE buffers to separate !/O pins that also 
serve as data inputs in the parallel load mode. Qo and Q7 
are also brought out on other pins for expansion in serial 
shifting of longer words. 


A LOW signal on MR overrides the Select and CP inputs 
and resets the flip-flops. All other state changes are initiated 
by the rising edge of the clock. Inputs can change when the 
clock is in either state provided only that the recommended 
setup and hold times, relative to the rising edge of CP, are 
observed. 

A HIGH signal on either OE, or OE» disables the TRI- 
STATE buffers and puts the I/O pins in the high impedance 
State. In this condition the shift, hold, load and reset opera- 
tions can still occur. The TRI-STATE buffers are also dis- 
abled by HIGH signals on both So and S; in preparation for 


a parallel toad operation. 
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Truth Table 


HIGH Voltage Level 


= LOW Voltage Level 


X 
fe 


Immaterial 
LOW-to-HIGH Transition 


Response 


Asynchronous Reset; 
Qo-Q7 = LOW 
Parallel Load; 1/On —> Qh 


Shift Right; DSg —> Qo, 
Qo — Qj, ete. 

Shift Left, DS7 —> Qy,, 
Q7 — Qe, ete. 

Hold 





Logic Diagram 


Bag 
+ 


Leo 2 


ke Vo, 
; W/o; 
fe { /0, 


|) anaes 
= 
i>) 
o 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 


Recommended Operating 
Conditions 


please contact the National Semiconductor Sales Ss 
: Pei ane upply Voltage (Vcc) 
Office/Distributors for availability and specifications. (Unless Otherwise Specified) 


Supply Voltage (Vcc) —0.5V to +7.0V "AC 
DC Input Diode Current (lik) | "ACT 
Vv; = —0.5V —20mA Input Voltage (V)) 
= Voc + 0.5V +20 mA Output Voltage (Vo) 
DC Input Voltage (Vi) ~O.5V to Veo +0.5¥ Operating Temperature (Ta) 
DC Output Diode Current (Io) 74AC/ACT 
Vo = —0.5V —20 mA 54AC/ACT 


Vo = Voc +0.5V +20 mA Junction Temperature (Ty) 
DC Output Voltage (Vo) ~0.5V to Voc +0.5V CDIP 


DC Output Source or Sink Current (Io) +50mA PDIP 


DC Vcc or Ground Current Input Rise and Fall Time (t,, t;) 
Per Output Pin (loc or Ignp) +50 mA (Note 2) (Typical) 


Storage Temperature (TsTa) —65°C to + 150°C (Except Schmitt Inputs) "AC Devices 


Note 1: Absolute maximum ratings are those values beyond which damage VIN from 30% to 70% of Voc 
to the device may occur. Obviously the databook specifications should be Voc @ 3.0V 

met, without exception, to ensure that the system design is reliable over its Voc @ 4.5V 

power supply, temperature, and output/input loading variables. National Veco @ 5.5V 

does not recommend operation of FACTT circuits outside databook specifi- . . 

cations. Input Rise and Fall Time (ty, tp 


(Note 2) (Typical) 

(Except Schmitt Inputs) "ACT Devices 
Vin from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Voc @ 4.5V 

Vcc @ 5.5V 


2.0V to 6.0V 
4.5V to 5.0V 


OV to Voc 
OV to Voc 


— 40°C to + 85°C 
— 58°C to + 125°C 


175°C 
140°C 


150 ns/V 
40 ns/V 
25 ns/V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


DC Electrical Characteristics For ac Family Devices 


vac | aac | 74a 


= 25°C Ta = Ta = 
55°C to +125°C | —40°C to +85°C 


Typ Guaranteed Limits 


Vin Minimum High Level 3.0 1.5 ; 2.1 2.1 
Input Voltage : 2.25 : 3.15 3.15 
3.85 3.85 


ViL Maximum Low Level ; 1.5 E 0.9 0.9 Vout = 0.1V 
Input Voltage : 2.25 . 1.35 1.35 or Vcc — 0.1V 
1.65 1.65 


Minimum High Level é ri , 2.9 
Output Voltage : 4.4 
5.4 


Symbol Parameter Vec 


Conditions 


Vout = 0.1V 
or Vcc — 0.1V 


louT = —50 pA 


*Vin = Vitor ViH 

2.46 —12mA 

3.76 IOH —24mA 

4.76 —24mA 

Maximum Low Level louT = 50 pA 
Output Voltage 


"Vin = Vitor Vin 
12mA 
oH 24mA 


. F 24mA 
Maximum Input Vi = Vcc, GND 
Leakage Current 
Maximum TRI-STATE Vi(QE) = Vit. Vin 


Leakage Current Vi = Voc, GND 
Vo = Vcc, GND 





DC Electrical Characteristics For'Ac Family Devices 


74AC — Hee __{ ste _ 74AC 
Parameter 5 25°C sane oa +125°C jie mn 485°C Conditions 
Guaranteed Limits 


*Minimum iouerauee | Pt 88 mA_| Vou = 1.65V Max 


uu coren SS Vouo = 3.650 Min 


Maximum ne 

Supply Current 

Maximum I/O Los [ti Viv» Vin 
Leakage Current +11.0 V\ = * Veo: GND 


*All outputs loaded; threshold on input associated with output under test. 

tMaximum test duration 20 ms, one output loaded at a time. 

Note: li and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
Icc for 54AC @ 25°C is identical to 74AC @ 25°C. 





DC Electrical Characteristics For ‘act Family Devices 


74ACT 54ACT 74ACT 


Symbol Parameter J be +425°C = ive ‘5 +85°C Conditions 


| Typ | Guaranteed Limits 
Vin Minimum High Level 1.5 2.0 2.0 Vv Vout = 0.1V 
Input Voltage 1.5 2.0 2.0 or Vcc — 0.1V 
VIL Maximum Low Level 3.0 1.5 0.8 0.8 0.8 VouT = 0.1V 
Input Voltage 4.5 1.5 0.8 0.8 0.8 or Voc — 0.1V 
Minimum High Level 4.49 44 4.4 4.4 |v [lou = —50pA 
5.49 5.4 5.4 5.4 
Eales Vit OF Vin 
4.5 | 0.0001] 3.86 3.70 3.76 loo —24mA 
5.5 4.86 4.70 ae —24mA 
Maximum Low Level 4.5 | 0.001 0.1 0.1 Fy. | four = 50pA 
Output Voltage 5.5 |} 0.001 0.1 0.1 
Bae = Vit or Vin 
0.36 0.50 0.44 lot 24mA 
0.36 0.50 ee 44 24mA 
lIN Maximum Input 
Leakage Current +0.1 £1.0 | sto Q Pua [v= Veo, GND 
loz Maximum TRI-STATE +100 = Vit VIH 
Leakage Current Raate Vcc, GND 
loct Maximum Icc/Input srEet te = Veo ~ 2.1V 


io. | ?Minimum Dynami pepe ee Vous = 155 Mas 
ioup | Sutput Curent ee eee eer Voup = 8.850 Min 


loc Maximum Quiescent na | Vi =Vcoc 
Supply Current or GND 
lozt Maximum I/O ee ibs VIH 
Leakage Current +£11.0 pA = Voc, GND 
ie Vcc, GND 


Note: Icc limit for 54ACT @ 25°C is identical to 74ACT @ 25°C 
*All outputs loaded; thresholds on input associated with cite under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 





Capacitance 


| Cn __|__ Input Capacitance ee er ne Voc = 5.5V 


Cc Power Dissipation 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


| aac | C74 


° Ta = —55°C Ta = —40°C 
Vcc* Ta = +25°C ° ° 
Symbol Parameter (V) CL = 50 pF to + 125°C to +85°C 


C,_ = 50pF C. = 50 pF 


Min Typ Max | Min Max _ 


90 124 0 80 
130 173 0 105 


5 14.0 20.5 1.0 25.5 7.0 
5 9.5 14.0 1.0 17.5 4.5 
5 14.5 21.5 1.0 26.5 7.0 23.0 
(Shift Left or Right) 5 10.0 14.5 1.0 18.0 5.0 16.0 
teLH Propagation Delay .0 14.5 20.5 1.0 24.5 7.5 22.5 
CP to I/O, 0 10.0 14.5 1.0 17.0 5.0 16.0 
tpHL Propagation Delay 10.0 16.0 23.0 1.0 26.5 8.5 24.5 
CP to I/On 5 11.0 16.0 1.0 18.5 6.0 17.5 
: 1 
5 
Pal: 
Pak: 
Pa: 


fax Maximum Input 
Frequency 


tpLH Propagation Delay 
CP to Qo or Q7 
(Shift Left or Right) 


tpHL Propagation Delay 
CP to Qo or Q7 


22.0 
15.0 


8 
5 
9 
6 


tpHL Propagation Delay 15.5 22.5 0 27.0 7.5 25.0 
10.5 15.5 1.0 18.5 5.0 17.0 

0 

0 


6 
9.0 
9.0 
5. 
7.0 
4 
7.0 


8 
5. 
5 
5 


MR to Qo or Q7 
15.0 21.5 1. 26.5 7.5 24.0 
10.0 15.0 1. 18.0 5.0 16.5 
tpzH Output Enable Time 

OE to I/O, 
tpHz Output Disable Time 6.5 13.0 18.5 1 22.5 5.5 19.5 

OE to I/O, 3.5 9.5 14.0 1.0 17.0 3.0 15.0 
tpLz Output Disable Time 5.5 11.5 17.0 1, 21.5 4.5 19.0 

OE to l/O, 3.5 8.0 12.5 1.0 16.0 2.0 13.5 


tpHL Propagation Delay 
12.0 18.0 1. 22.0 0 19.5 
8.5 12.5 1. 15.0 4.0 13.5 
tpz. Output Enable Time 
*Voltage Range 3.3 is 3.3V +0.3V. 


MR to I/O, 
0 
0 
12.5 18.0 1.0 23.5 6.0 20.5 
OE to !/Op, 8.0 12.5 1.0 16.0 4.0 14.0 
0 
Voltage Range 5.0 is 5.0V +0.5V. 


AC Operating Requirements: see Section 2 for Waveforms 


74AC | s4ac | 74AC 
Vcc* 
Parameter 
(V) 


= . Ta = —55°C Ta = —40°C 
i Net to +125°C to +85°C 
L P C. = 50 pF CL = 50 pF 


Guaranteed Minimum 

Setup Time, HIGH or LOW 3.0 8.0 9.5 
So or S1 to CP 2.0 5.0 7.0 
Hold Time, HIGH or LOW —3.0 0.5 
So or S; to CP -1.5 1.0 
Setup Time, HIGH or LOW 2.0 6.0 6.0 
I/O, to CP 1.0 4.0 4.0 
Hold Time, HIGH or LOW -—2.0 0 
I/O, to CP —1.0 1.0 
Setup Time, HIGH or LOW 2.5 6.5 7.5 7.0 
DSo or DS7 to CP 1.5 4.0 5.0 4.5 
Hold Time, HIGH or LOW —2.0 0 1.5 0.5 
DSp or DS7 to CP —1.0 1.0 1.5 1.0 
CP Pulse Width, LOW 3.5 4.5 

2.0 3.5 
MR Pulse Width, LOW 4.0 4.5 

2.0 3.5 
Recovery Time 1.5 
MR to CP 1.5 


*Voltage Range 3.3 is 3.3V +0.3V 
*Voltage Range 5.0 is §.0V +0.5V 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


74ACT 54ACT 74ACT 


Vec’* Ta = +25°C 
(V) C._ = 50 pF 


Min Typ Max | Min Max | 


120 170 


Symbol Parameter 


fmax Maximum Input 
Frequency 


~“ 
: 


teLH Propagation Delay 
CP to Qo or Q7 
(Shift Left or Right) 


tpHL Propagation Delay 
CP to Qo or Q7 
(Shift Left or Right) 


tPLH Propagation Delay 
CP to I/O, 

tepHL Propagation Delay 
CP to 1/O, 

tPpHL Propagation Delay 
MR to Qo or Q7 


tpHL Propagation Delay 


MR to I/O, 
tp2H Output Enable Time 





saa de 
ve amie [a [me we fo ele oe [ 


n 


*Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements: see Section 2 for Waveforms 


74ACT 54ACT 74ACT 
‘ ee Ta = —55°C 
Parameter ‘a Vs _ oe ae to + 125°C 
L P CL = 50 pF 
Guaranteed Minimum 


Setup Time, HIGH or LOW 2.0 
So or S to CP p 
Hold Time, HIGH or LOW 15 1.0 
SporS;toCP- ‘ , 
’ Setup Time, HIGH or LOW 
“ef f= |= fe 


Hold Time, HIGH or LOW 
1/O, to CP 


Setup Time, HIGH or LOW 
DSpo or DS7 to CP 


Hold Time, HIGH or LOW 
DSo or DS7 to CP 

CP Pulse Width 

HIGH or LOW 


MR Pulse Width, LOW 


Recovery Time 
MR to CP 


*Voltage Range 5.0 is 5.0V +0.5V. 
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National 
Semiconductor 


54ACT/74ACT323 


8-Bit Universal Shift/Storage Register 
with Synchronous Reset and Common I/O Pins 


General Description 


The 'ACT323 is an 8-bit universal shift/storage register with 
TRI-STATE® outputs. Parallel load inputs and flip-flop out- 
puts are multiplexed to minimize pin count. Separate serial 
inputs and outputs are provided for Qo and Q7 to allow easy 
cascading. Four operation modes are possible: hold (store), 
shift left, shift right and parallel load. 


Ordering Code: see Section 5 


Logic Symbols 


Bz JE 2 0 05 V0; Oy V0 0, 05 04 V0, 


TL/F/9787-1 


Description 


CP Clock Pulse Input 

DSo Serial Data Input for Right Shift 
DS7 Serial Data Input for Left Shift 
So, Sy Mode Select Inputs 


SR Synchronous Reset Input 


OE, OE: 
1/O9-1/07 


TRI-STATE Output Enable Inputs 
Multiplexed Parallel Data Inputs or 
TRI-STATE Parallel Data Outputs 
Serial Outputs 





Qo, Q7 


Features 

m= Common parallel [/O for reduced pin count 

@ Additional serial inputs and outputs for expansion 

m Four operating modes: shift left, shift right, load and 
store 

@ TRI-STATE outputs for bus-oriented applications 

m@ Outputs source/sink 24 mA 

= TTL-compatible inputs 


Connection Diagrams 


Pin Assignment for 
DIP, SOIC and Flatpak 


oan mone WwW ee 


TL/F/9787~-2 


Pin Assignment 
for LCC - 


®, YO VO VO, 170g 
TL/F/9787-5 “one 8) ve 
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Functional Description 


The 'ACT323 contains eight edge-triggered D-type flip-flops 
and the interstage logic necessary to perform synchronous 
reset, shift left, shift right, parallel load and hold operations. 
The type of operation is determined by Sg and S; as shown 
in the Mode Select Table. All flip-flop outputs are brought 
out through TRI-STATE buffers to separate I/O pins that 
also serve as data inputs in the parallel load mode. Qo and 
Q7 are also brought out on other pins for expansion in serial 
shifting of longer words. 


A LOW signal on SR overrides the Select inputs and allows 
the flip-flops to be reset by the next rising edge of CP. 


Mode Select Table 


Response 


| Synchronous Reset; QoQ-Q7 = LOW 
/ | Parallel Load; 1/0, — Q, 

~ | Shift Right; DSp —> Qo, Qo — Qj, ete. 
~/ | Shift Left; DS7 — Q7, Q7 — Qg, etc. 


HIGH Voltage Level 
LOW Voltage Level 
= Immaterial 
~/ = LOW-to-HIGH Clock Transition 
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All other state changes are also initiated by the LOW-to- 
HIGH CP transition. Inputs can change when the clock is in 
either state provided only that the recommended setup and 
hold times, relative to the rising edge of CP, are observed. 


A HIGH signal on either OE, or OE» disables the 
TRI-STATE buffers and puts the I/O pins in the high imped- 
ance state. In this condition the shift, load, hold and reset 
operations can still occur. The TRI-STATE buffers are also 
disabled by HIGH signals on both Sp and S in preparation 
for a parallel load operation. 





EE 


Ss 
> 


ca sc ae 2a 


ee 


alee 


AL te 


Logic Diagram 
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Absolute Maximum Ratings (note 1) Recommended Operating 






If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. sess Voltage (Vcc) 2.0V to 6.0V 









Supply Voltage (Vcc) —0.5V to +7.0V "ACT 4.5V to 5.5V 

DC Input Diode Current (I)) Input Voltage (V)) OV to Voc 
‘ 7 vo ee fe a cs (Vo) OV to Vcc 

DC Input Voltage (V)) —0.5V to Voc + 0.5V ene ~~ —40°C to +85°C 

DC Output Diode Current (lox) 54AC/ACT —55°C to + 125°C 
Vo = —0.5V —20 mA 






Junction Temperature (Ty) 











Vo = Voc + 0.5V +20 mA CDIP 175°C 
DC Output Voltage (Vo) —0.5V to Voc + 0.5V PDIP 140°C 
DC Output Source or Input Rise and Fall Time (t,, t;) 

Sink Current (lo) +50 mA (Note 2) (Typical) 

DC Voc or Ground Current (Except Schmitt Inputs) "AC Devices 

Per Output Pin (Icc or Iq@np) +50mA Vin from 30% to 70% of Voc 
Storage Temperature (Tstg) —65°C to + 150°C Vcc @ 3.0V 150 ns/V 
Note 1: Absolute maximum ratings are those values beyond which damage Voc @ 4.5V 40 ns/V 
to the device may occur. The databook specifications should be met, without Vcc @ 5.5V 25 ns/V 
exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (t t) 
temperature, and output/input loading variables. National does not recom- (Note 2) (Ty; pi cal) " 







mend operation of FACT™ circuits outside databook specifications. 






(Except Schmitt Inputs) "ACT Devices 

Vin from 0.8V to 2.0V, Vmeas 

Voc @ 4.5V 10 ns/V 
Vcc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 













DC Electrical Characteristics For ACT Family Devices 


74ACT 54ACT 74ACT 


Vcc a 
Symbol Parameter (V) Ta = +25°C ate ‘i “441250 = Pe an 485°C Conditions 


| Typ | Guaranteed Limits 


ViH Minimum High Level Pe eee 5 2.0 2.0 Vv VouT = 0.1V 
input Voitage 1. Pe eee 2:9 2.0 or Veco —0.1V 
Vit Maximum Low Level EI 5 : - 0.8 0.8 0.8 V VouT = 0.1V 
Input Voltage 5.5 0.8 0.8 0.8 or Vcc — 0.1V 
VoH Minimum High Level 4.49 4.4 4.4 4.4 |v |loun = —50 pA 
Output Voltage 5.49 5.4 5.4 5.4 
*Vin = Vitor Vin 
3.86 3.70 3.76 Vv IOH —24mA 
4.86 4.70 4.76 —24mA 
0.001 | 0.1 0.1 lout = 50 pA 
0.001 | 0.1 0.1 
*Vin = Vit or Vin 
0.36 0.50 0.44 Vv lo —24mA 
0.36 0.50 0.44 —24mA 
lin Maximum Input 
Leakage Current aed us Fane = Veo, GND 
loz Maximum TRI-STATE = Vit, VIH 
Some [se] | sos] tas mes Vo Hen no 
lozt Maximum 1/0 Vio = Voc or GND 
eranicnea Current =o6 ed aG° uP a = Vin VIL 


= eurent Vonp = 3.85V Min 
Maximum Quiescent Vin = Voc or GND 
Supply Current (Note 3) 
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VoL Maximum Low Level 
Output Voltage 
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*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note 3: Icc for 54ACT is identical to 74ACT @ 25°C. 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations . 


Vcc* 
Parameter 
(V) 


Min Typ Max | Min Max | Min Max | 
Maximum Input Frequency Ea 120 125 


Ese ae 
pega" [ef nm mf mle wl 
seer [a [ee elo fe mle 
Ea 
Ea Te 


Output Enable Time [50 | 35 75 110 | 10 +150 | 30 125 | ns | 
Output Enable Time fso {35 75 115 | 10 +155 | 30 130 | ns | 


*Voltage Range 5.0 is §.0V +0.5V 
AC Operating Requirements 


74ACT 54ACT 74ACT 
Vcc" 
Parameter 
(V) 


Ta = —40°C 
to + 85°C 
C_ = 50 pF 
Vcc = +5.0V 


Ta = 25°C 
C. = 50 pF 
Vec = +5.0V 


Setup Time, HIGH or LOW 
So or S; to CP 


Hold Time, HIGH or LOW 
So or S; to CP 


Setup Time, HIGH or LOW 
1/O,, DSg, DS7 to CP 


Hold Time, HIGH or LOW 
1/On, DSg, DS7 to CP 


Setup Time, HIGH or LOW 
SR to CP 


Hold Time, HIGH or LOW 
SR to CP 


CP Pulse Width 
HIGH or LOW 


*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 
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National ADVANCE INFORMATION 
Semiconductor 


54AC/74AC350 ¢ 54ACT/74ACT350 
4-Bit Shifter with TRI-STATE® Outputs 


General Description Features 


The 'AC/’ACT350 is a specialized multiplexer that accepts a _™ Linking inputs for word expansion 
4-bit word and shifts it 0, 1, 2 or 3 places, as determined by & TRI-STATE ouputs for extending shift range 
two Select (So, S4) inputs. For expansion to longer words, ™ 'ACT350 has TTL-compatible inputs 
three linking inputs are provided for lower-order bits; thus 

two packages can shift an 8-bit word, four packages a 16-bit 

word, etc. Shifting by more than three places is accom- 

plished by paralleling the TRI-STATE outputs of different 

packages and using the Output Enable (OE) inputs as a 

third Select level. With appropriate interconnections, the 

*AC/’ACT350 can perform zero-backfill, sign-extend or end- 

around (barrel) shift functions. 


Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 
lez leg bey I b NC ly 
[6] 


eS 


“2 
-3 


@ 
za 
oO OW 


TL/F/9957~-1 


a 5 
oO 


aaAeEeS 


BBE 


n 
Oo 


on ou F WwW Ne 
oO 
Oo 


Fra) (3) 5} 7) FI 
IEEE/IEC 0s 0, NC OE 0, 


D MUX TL/F/9957-2 


0 TL/F/9957-3 
G's (SHIFTER) 


| PinNames | ___—Description 


Select Inputs 

Data Inputs 

Output Enable Input (Active LOW) 
TRI-STATE Outputs 


q & 


3 
2 
t 
0 
3 
2 
1 


{=} 
q 





TL/F/9957-4 
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National © 
Semiconductor 


54AC/74AC373 ¢ 54ACT/74ACT373 
Octal Transparent Latch with TRI-STATE® Outputs 


General Description 


The ’AC/'ACT373 consists of eight latches with TRI-STATE 
outputs for bus organized system applications. The flip-flops 
appear transparent to the data when Latch Enable (LE) is 
HIGH. When LE is LOW, the data that meets the setup time 
is latched. Data appears on the bus when the Output Enable 
(OE) is LOW. When OE is HIGH, the bus output is in the 
high impedance state. 


Ordering Code: see Section 5 
Logic Symbols 


IEEE/IEC 


Dp Dy Dy Ds Dg Dg Dg D7 


Og 0; 02 Os 04 05 Og 07 


TL/F/9958~1 


Description 


Data Inputs 


Latch Enable !nput 
Output Enable Input 
TRI-STATE Latch Outputs 





Features 

w Eight latches in a single package 

@ TRI-STATE outputs for bus interfacing 
= Outputs source/sink 24 mA 

mg ’ACT373 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


oon nm mm WwW NH 


TL/F/9958-2 TL/F/9958-3 


Pin Assignment 
for LCC 


Ds D, 02 0, D 
ES ea) CEN) | 
a's 88 8 


4] G5) 08} 
Ds O5 Og Dg Dy 


TL/F/9958-4 
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Functional Description 


The 'AC/’ACT373 contains eight D-type latches with TRI- 
STATE standard outputs. When the Latch Enable (LE) input 
is HIGH, data on the Dp, inputs enters the latches. In this 
condition the latches are transparent, i.e., a latch output will 
change state each time its D input changes. When LE is 
LOW, the latches store the information that was present on 
the D inputs a setup time preceding the HIGH-to-LOW tran- 
sition of LE. The TRI-STATE standard outputs are con- 
trolled by the Output Enable (OE) input. When OE is LOW, 
the standard outputs are in the 2-state mode. When OE is 
HIGH, the standard outputs are in the high impedance mode 
but this does not interfere with entering new data into the 
latches. : 


Logic Diagram 


Truth Table 





H = HIGH Voltage Level 

L = LOW Voltage Level 

Z = High Impedance 

X = Immaterial 

Oo = Previous Og before HIGH to Low transition of Latch Enable 


0g 07 


TL/F/9958-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (Ix) 
V; = —0.5V 
Vi = Voc + 0.5V 
DC Input Voltage (V;) 
DC Output Diode Current (lox) 
Vo = —0.5V 
Vo = Voc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current {Io) 
DC Vcc or Ground Current 
per Output Pin (icc or IGnp) +50 mA 
Storage Temperature (Tstg) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20 mA 
+20mA 


—0.5V to Vcc + 0.5V 
—20mA 
+20 mA 

—0.5V to to Voc + 0.5V 


+50 mA 


74AC 


Symbol Parameter Ta = +25°C 


| 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
"AC 
"ACT 
Input Voltage (V)) 
Output Voltage (Vo) 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 
CDIP 
PDIP 


Input Rise and Fall Time (tr, ts) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 
Vcoc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t,, ts) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 
Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Voc @ 4.5V 
Voc @ 5.5V 


2.0V to 6.0V 
4.5V to 5.5V 


OV to Voc 
OV to Vcc 


—40°C to + 85°C 
—55°C to + 125°C 


175°C 
140°C 


150 ns/V 
40 ns/V 
25 ns/V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


DC Characteristics for "AC Family Devices 


74AC 


“3 Ta = Conditions 


—55°C to + 125°C 


— 40°C to + 85°C 


Guaranteed Limits 
2.1 


Typ 
1.5 


Vec 
(V) 
Vin Minimum High Level | 3.0 21 VouT = 0.1V 


4.5 


5.5 
3.0 


4.5 
5.5 


2.25 
2.75 


1.5 
2.25 
2.75 


2.99 
4.49 
5.49 


Input Voltage 


Maximum Low Level 
Input Voltage 


Vit 


Minimum High Level 
Output Voltage 


3.0 
4.5 


5.5 


3.0 
4.5 


5.5 
Maximum {nput 
Leakage Current 


0.1 
0.1 
0.1 


Maximum Low Level 
Output Voltage 


0.36 
0.36 
0.36 





+0.1 


3.15 
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3.15 
3.85 


0.9 
1.35 
1.65 


2.9 
4.4 
5.4 


or Vcc — 0.1V 


VouT = 0.1V 
or Vcc — 0.1V 


lout = —50 pA 


*Vin = Vit or Vin 
—12mA 
—24mA 
—24mA 


2.46 
3.76 
4.76 


IOH 


lout = 50 pA 


*Vin = Vit or Vin 
12mA 
24mA 
24mA 


Vi = Voc, GND 


lot 


= 
> 





DC Characteristics for "AC Family Devices (Continued) 


vaac | S4AC | 74AC 
Yoo | ty= +256) 
Parameter 
(V) 


TaA= Ta = 
ots ~ rae eine to +125°C | —40°C to + 85°C 


Guaranteed | == GuaranteedLimits si 


Maximum TRI-STATE® 
Current +10.0 


tMinimum Dynamic 


Output Current ‘it A | 


Maximum Quiescent 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: liq and Ico @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Vec = : Ta= Ta = 
Symbol Parameter (v) Ta = +25°C 55°C to + 125°C | —40°C to +85°C 


| typ | Guaranteed Limits 


Vin Minimum High Level 45] 1.5 2.0 
Input Voltage 5.5] 1.5 2.0 


ViL Maximum Low Level 45) 1.5 0.8 0.8 0.8 
Input Voltage 5.5] 1.5 0.8 a 8 es 8 


Minimum High Level 4. fe 4. Ee 
Output Voltage fe 5 Ee 49 


45 3.86 3.70 3.76 
5.5 4.86 4. =a a 76 
Maximum Low Level ee 001} 0.1 
Output Voltage i 0.001} 0.1 
4.5 0.36 0.50 0.44 
Fed A eed 36 0. Pe 0. etal 


Maximum Input Leakage Current | 5.5 | | +0.1 | 1 + | eto 0 +1 | tt | wa | 


Maximum TRI-STATE® 
Current 





Maximum 

Ioc/Input 

Minimum Dynamic SE 
Output Current a | ma | 


Maximum Quiescent 55 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc¢ for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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Conditions 


(OE) = Vit. Vin 


Vi = Voc, GND 


ae = Voc, GND 


bp = 1.65V Max 


VoHD = 3.85V Min 


Conditions 


Vout = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Voc — 0.1V 


jw flr = —50 pA 


in = Vitor Vin 
—24mA 
—24mA 


| y floor = 50 pA 


aa = Vit or Vin 
24mA 
24mA 


Vi = Vec, GND 


Vi = Vins Vin 
“= Voc, GND 


= Voc — 2.1V 


VoLbD = 1.65V Max 
VoHD = 3.85V Min 


Vin = Voc 
or GND 
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AC Electrical Characteristics 


Ta = +25°C 
C. = 50 pF 


Min Typ Max 
Propagation Delay 1.5 10.0 13.5 1.0 
Dp to Opn 1.5 7.0 9.5 1.0 
Propagation Delay 1.5 9.5 13.0 1.0 
Dp to O,7 1.5 7.0 9.5 1.0 ; 
Propagation Delay 1.5 10.0 13.5 1.0 16.5 
LE to O, 1.5 7.5 9.5 1.0 12.0 
Propagation Delay 1.5 9.5 12.5 1.0 15.0 1.5 
LE to O, 1.5 7.0 9.5 1.0 11.0 - 1.5 
Output Enable Time 1.5 9.0 114.5 1.0 14.0 1.0 
1.5 7.0 8.5 1.0 10.5 1.0 
Output Enable Time 1.5 8.5 11.5 1.0 13.5 1.0 
1.5 6.5 8.5 1.0 10.0 1.0 
Output Disable Time 1.5 10.0 12.5 10 16.0 1.0 
1.5 8.0 11.0 1.0 13.5 1.0 
Output Disable Time 15 8.0 11.5 1.0 13.0 1.0 
1.5 6.5 8.5 1.0 10.5 1.0 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


Parameter to + 125°C to + 85°C 


AC Operating Requirements 


Ta = —55°C 
Parameter ; to + 125°C 
C, = 50 pF 
Guaranteed Minimum 


Setup Time, HIGH or LOW 55 6.0 
Dp to LE 4.0 45 
Hold Time, HIGH or LOW —3.0 1.0 . 
D, to CP -1.5 1.0 
LE Pulse Width, 4.0 5.5 
HIGH 2.0 4.0 

*Voltage Range 3.3 is 3.3V +0.3V 

Voltage Range 5.0 is 5.0V +0.5V 
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AC Electrical Characteristics 


Vv Ta = —55°C Ta = —40°C 
Parameter ees to + 125°C to + 85°C 


Propagation Delay 
Dr to On 


Propagation Delay 
Dy to On 


Propagation Delay 
LE to On 


Propagation Delay 
LE toO, 


*Voitage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


74ACT 54ACT 7T4ACT 
Vcc 
Parameter 
(V) 


Ta = +25°C Ta = —§8°C 
ee to + 125°C 
L P C_ = 50 pF 


Guaranteed Minimum 


Setup Time, HIGH or LOW 7.0 

Dn to LE : 

Hold Time, HIGH or LOW 1.0 
Dn to LE ° 


| LePulsewidtn,HigH | 50 | 20 | vo | 66 | 30 js | 


*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


——— Input Capacitance | Veo = 5.0V = 5,0V 


Power Dissipation Voc = 5.0V 
Capacitance 
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National _ 
Semiconductor 


54AC/74AC374 © 54ACT/74ACT374 
Octal D Flip-Flop with TRI-STATE® Outputs 


General Description 


The ’AC/’ACT374 is a high-speed, low-power octal D-type 
flip-flop featuring separate D-type inputs for each flip-flop 
and TRI-STATE outputs for bus-oriented applications. A 
buffered Clock (CP) and Output Enable (OE) are common to 
all flip-flops. 


Ordering Code: see Sections — 
Logic Symbols 


IEEE/IEC 


Dp 0; Dy Dz Dy Ds Dg d7 


05 0; 0, 03 0, Os Og 07 


TL/F/9959-1 


Data Inputs 

Clock Pulse Input 

TRI-STATE Output Enable Input 
TRI-STATE Outputs 


Features 

m Buffered positive edge-triggered clock 

@ TRI-STATE outputs for bus-oriented applications 
m Outputs source/sink 24 mA 

u See '273 for reset version 

m See '377 for clock enable version 

m See '373 for transparent latch version 

m@ See ’574 for broadside pinout version 


@ See '564 for broadside pinout version with inverted 
outputs 


. m ’ACT374 has TTL-compatible inputs © 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


1 

2 
5. 
4 

5 

6 
7 
8 

9 


—_ 
° 


TL/F/9959-3 


Pin Assignment 
for LCC and PCC 
Ds Dy 02 0; Dy 
(6) (5) (4) 

asa hd | 


ft5) 
Ds O5 Og Dg Dy 
TL/F/9959-4 
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Functional Description 


The 'AC/’ACT374 consists of eight edge-triggered flip-flops 
with individual D-type inputs and TRI-STATE true outputs. 
The buffered clock and buffered Output Enable are com- 
mon to all flip-flops. The eight flip-flops will store the state of 
their individual D inputs that meet the setup and hold time 
requirements on the LOW-to-HIGH Clock (CP) transition. 
With the Output Enable (OE) LOW, the contents of the eight 
flip-flops are available at the outputs. When the OE is HIGH, 
the outputs go to the high impedance state. Operation of 
the OE input does not affect the state of the flip-flops. 


Logic Diagram 


Truth Table 





H = HIGH Voltage Level 

L = LOW Voltage Leve! 

X = Immaterial 

Z = High Impedance 

/ = LOW-to-HIGH Transition 


07 


TL/F/9959-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallability and specifications. 
Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (I|x) 
V; = —0.5V 
Vi = Voc + 0.5V 
DC Input Voltage (Vj) 
DC Output Diode Current (iox) 
Vo = —0.5V 
Vo = Voc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 


DC Voc or Ground Current 
per Output Pin (I¢c or I@np) +50 mA 


Storage Temperature (Tstq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20mA 
+20 mA 


—0.5V to Voc + 0.5V 
—20mA 
+20mA 

—0.5V to to Voc + 0.5V 


+50 mA 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
"AC 
"ACT 
Input Voltage (V)) 
Output Voitage (Vo) 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 
CDIP 
PDIP 


Input Rise and Fall Time (t,, ts) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 
Vcc @ 3.0V 
Voc @ 4.5V 
Vcc @ 5.5V 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 
Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Voc @ 4.5V 10 ns/V 
Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


2.0V to 6.0V 
4.5V to 5.5V 


OV to Voc 
OV to Vcc 


—40°C to + 85°C 
—§5°C to + 125°C 


175°C 
140°C 


150 ns/V 
40 ns/V 
25 ns/V 


DC Characteristics for "AC Family Devices 


74AC 


Symbol Parameter Ta = +25°C 


Vcc 
(V) 


3.0 


Typ 


1.5 
2.25 
2.75 


1.5 
2.25 


Vin Minimum High Level 


Input Voltage 





VIL Maximum Low Level 


Input Voltage 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 


0.36 
0.36 
0.36 


Maximum Input 
Leakage Current 


Ce 


Ta = Ta = 
—55°C to + 125°C | —40°C to + 85°C 


Conditions 


Guaranteed Limits 


0.50 
0.50 
0.50 


4-196 


Vout = 0.1V 
or Voc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


lout = —50 pA 


*Vin = Vitor Vin 
—12mA 
—24mA 
—24mA 


lout = 50 pA 


lon 


"Vin = Vicor Vin 
12mA 
24mA 
24mA 


0.44 
0.44 
0.44 


lot 


Vv 





yLe 


DC Characteristics for ’AC ae Devices eS 
| 74a 


t= +250 | ae = 
Parameter t= +250 | = +25°C 55°C to + 125°C | —40°C to +85°C Conditions 


| typ | Guaranteed Limits 


Maximum TRI-STATE® V, (OE) = Vin Vin 
Current Vi = Voc, GND 
Vo = Voc, GND 


Minimum Dynamic 


5 
Maximum Quiescent 
i eh : 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output toaded at a time. 

Note: ly and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT ——— Devices 


| 7aact 54ACT 74ACT 
Vec = 
Symbol Parameter (Vv) a +25°C eee Hs + 426°C | — ion +6 +85°C Conditions 


Guaranteed | 2 
Vin Minimum High Level 1. — Vout = 0.1V 
Input Voltage 1.5 or Vcc — 0.1V 
VIL Maximum Low Level 4.5 1.5 0.8 0.8 0. ae Vout = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vcc — 0.1V 


Minimum High Level 4.49 4.4 4.4 4.4 Vv louT = —50 pA 
Output Voltage 5.49 5.4 5.4 5.4 


“Vin = Vitor Vin 
4.5 3.86 7 3.76 Vv —24mA 
5.5 4.86 . 4.76 OH —24mA 
Maximum Low Level . : : B 0.1 Vv lout = 50 pA 
Output Voltage 0.1 
*Vin = Vitor Vin 
0.44 24mA 


0.44 lo 24 mA 


IN Maximum Input Vi = Voc, GND 
Leakage Current 

loz Maximum TRI-STATE® 400 = Vit. ViH 
Current vo Vcc, GND 

loct Maximum = Voc — 2.1V 
Icc/Input 


IOLD Minimum Dynamic Votp = 1.65V Max 
lou Output Current es Voup = 3.85V Min 


loc Maximum Quiescent 160.0 Vin = Voc 
Supply Current cr GND 


“All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics 


Ta = —55°C = 
s Vec’* Ta = +25°C ° 
Parameter (V) CL = 50 pF to . 125°C 2 
Min Typ Max | Min Max | Min Max | 


Maximum Clock 60 110 
Frequency 100 155 
Propagation Delay be : : 13.5 1.0 : 
CP to O, 9.5 1.0 12.0 
Propagation Delay ss P 12.5 1.0 15.0 
CP toO, 9.0 1.0 11.0 
Output Enable Time 3.0 9.5 11.5 1.0 14.0 
2.0 7.0 8.5 1.0 10.5 
Output Enable Time re = 11.5 10 14.0 1 13.0 
8.5 1.0 10.5 1.0 9.5 
Output Disable Time nes 5 12.5 1.0 16.0 2.0 
11.0 1.0 12.5 2.0 
Output Disable Time 2.0 8.0 11.5 1.0 13.0 1.0 
; 1.5 6.5 8.5 1.0 10.5 1.0 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


Vv Ta = —55°C 

Parameter ne to + 125°C 

C, = 50 pF 

| Typ | Guaranteed Minimum 

Setup Time, HIGH or LOW 2.0 5.5 6.0 
D, to CP 1.0 4.0 4.5 
Hold Time, HIGH or LOW —1.0 1.0 
D, to CP 0 1.5 
CP Pulse Width, 4.0 6.0 
HIGH or LOW 2.5 4.5 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 
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AC Electrical Characteristics 


Vv Ta = —55°C Ta = —40°C 
Parameter to + 125°C to + 85°C 
ea 50 pF neal 50 pF 
Min | Min Typ Max | 


Maximum Clock 
Frequency 
Propagation Delay . 
CP to Op, 
Propagation Delay 
CP toO, 


aan 
output EnebleTine | 50_| 1 
"Out sebio Tmo | 5.0 
ouput sabe Time [50 | 1 


*Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


: Ta = —55°C 
Parameter od vs ~ Me to + 125°C 
Eee C. = 50 pF = 
| Typ | Guaranteed Minimum 


Setup Time, HIGH or LOW 


Hold Time, HIGH or LOW 15 

Dn to CP ‘ 

CP Pulse Width, 

HIGH or LOW | so | 2s | vo | oes | co | 


“Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


ard 
Parameter 


Input | Input Capacitance —_| | Vcc = 5.0V | = 5.0V 


Power Dissipation Voc = 5.0V 
Capacitance 
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National 
Semiconductor 


54AC/74AC377 @ 54ACT/74ACT377 | 
Octal D Flip-Flop with Clock Enable 


General Description 


The ’AC/’ACT377 has eight edge-triggered, D-type flip-flops 
with individual D inputs and Q outputs. The common buff- 
ered Clock (CP) input loads all flip-flops simultaneously, 
when the Clock Enable (CE) is LOW. 


The register is fully edge-triggered. The state of each D in- 
put, one setup time before the LOW-to-HIGH clock tran- 
sition, is transferred to the corresponding flip-flop’s Q out- 
put. The CE input must be stable only one setup time prior 
to the LOW-to-HIGH clock transition for predictable opera- 
tion. 


Ordering Code: see sections 


Logic Symbols 


1EEE/IEC 


Dp Dy Dz Dz Dy Ds Dg D7 


Qo Q % Q3 Q4 5 O5 Q7 





TL/F/9961-1 


Description 


Do~D7 Data Inputs 

CE Clock Enable (Active LOW) 
Qo-Q7 Data Outputs 

cP Clock Pulse Input 


Features 

Ideal for addressable register applications 

m Clock enable for address and data synchronization 
applications 

m Eight edge-triggered D flip-flops 

@ Buffered common clock 

@ Outputs source/sink 24 mA 

m See ’273 for master reset version 

m See '373 for transparent latch version 

m See ’374 for TRI-STATE® version 

mg 'ACT377 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


oOAn OW nt Wwe 


_ 
oO 


TL/F/9961-2 
TL/F/9961-3 


Pin Assignment 
for LCC 
Ds Dz Q, Q D 
(5) (5) 
hl hed} 


ARF | 
4 i he 2 6) 
Ds Q5 Q5 Dg D7 
TL/F/9961-4 
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Mode Select-Function Table 


Operating Mode |—__mputs_— | Outputs | 


HIGH Voltage Level 
LOW Voltage Level 
= Immaterial 
~~ = LOW-to-HIGH Clock Transition 


0% 0 0 Os 04 Os Og 07 
TL/F/9961-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (Ix) 
V; = —0.5V 
Vi = Voc + 0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (lox) 
Vo = —0.5V 
Vo = Voc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Vcc or Ground Current 
per Output Pin (loc or IGnp) +50mA 
Storage Temperature (Tstq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACTT circuits outside databook specifications. 


—20mA 
+20 mA 


—0.5V to Voc + 0.5V 


—20 mA 
+20 mA 


—0.5V to to Voc + 0.5V 


+50 mA 


Recommended Operating 
Conditions 


- Supply Voltage (Voc) 


‘AC 

"ACT 
Input Voltage (Vj) 
Output Voltage (Vo) 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 
CDIP 
PDIP 


Input Rise and Fall Time (t;, t)) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 
Voc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 

Input Rise and Fall Time (tr, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 
VIN from 0.8V to 2.0V, Vmeas 
from.0.8V to 2.0V 
Vcc @ 4.5V 10 ns/V 
Voc @ 5.5V 8 ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical! input rise and fall times noted here. 


2.0V to 6.0V 
4.5V to 5.5V. 


OV to Vcc 
OV to Voc 


— 40°C to + 85°C 
—55°C to + 125°C 


175°C 
140°C 


150 ns/V 
40 ns/V 
25 ns/V 


DC Characteristics for "AC Family Devices 


74AC 


Vec 
(V) 


Symbol Parameter Ta = +25°C 


Typ 
1.5 
2.25 
2.75 


1.5 
2.25 


Vin Minimum High Level | 3.0 


Input Voltage 


ViL Maximum Low Level 


Input Voltage 


Minimum High Level 
Output Voltage 


3.86 
4.86 


0.1 
0.1 
0.1 


0.002 
0.001 
0.001 


Maximum Low Level 
Output Voltage 


0.36 
0.36 
0.36 





| sac | aac 


Ta= Ta = 
—55°C to + 125°C | —40°C to + 85°C 


Guaranteed Limits 


0.50 
0.50 


5.5 
Maximum Input Vi = Voc, GND 
Leakage Current pes] for] sto | tte | ma | 
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Conditions 


VouT = 0.1V 
or Voc — 0.1V 


VouT = 0.1V 
or Vcc — 0.1V 


lout = —50 pA 


aN 
RAO 


*Vin = Vicor Vin 
—12mA 
—24mA 
—24mA 


lout = 50 pA 


Nd 
h 
o 


lOH 


es 
NI 
o 


0.1 
0.1 
0.1 


*Vin = Vitor Vin 
12mA 
24mA 
24mA 


0.44 
0.44 
0.44 


lou 





DC Characteristics for "AC Family Devices (continued) 


74AC 
ce ° Ta = Ta = 
Parameter Ta = +25°C _55°C to + 125°C | —40°C to +85°C Conditions 
Typ Guaranteed Limits 


ftMinimum Dynamic VoL_p = 1.65V Max 
Output Current Voup = 3.85V Min 
Maximum Quiescent 

Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: I) and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vcc. 
Ioc for 54AC @ 25°C is identical to 74AC @ 25°C. 





DC Characteristics for "ACT Family Devices 
74ACT 54ACT 74ACT 
Vcc & Wee Ta= Ta = 
Symbol Parameter Ta= +25°C | _ 55°C to + 125° _ 40°C to +85°C Conditions 
. Guaranteed Limits 
ViH Minimum High Level ; 1.5 2.0 Vv Vout = 0.1V 
Input Voltage ; 1.5 2.0 or Vcc — 0.1V 
ViL Maximum Low Level : 1.5 0.8 0.8 0.8 Vv Vout = 0.1V 
Input Voltage : 1.5 0.8 . 0.8 0.8 or Vcc — 0.1V 
Minimum High Level : 4.49 4.4 4.4 4.4 Vv louT = —50 pA 
Output Voltage 5.5 | 5.49 5.4 5.4. 5.4 
*Vin = Vitor Vin 
: 3.86 3.70 3.76 Vv —24mA 
4.86 4.70 4.76 i —24mA 
Maximum Low Level | 4.5 | 0.001 0.1 0.1 y lout = 50 pA 
Output Voltage 5.5 | 0.001 0.1 0.1 
“Vin = Vit or Vin 
; 0.36 0.50 0.44 Vv 24mA 
0.36 0.50 0.44 de 24mA 
lIn Maximum Input iC + 
Leakage Current 10 ey : 


IocT Maximum 
Ioc/Input 
lotp tMinimum Dynamic 
Output Current 
OHD 
loc Maximum Quiescent 
Supply Current 


anlar loan = 
alanlaa Ss 


at 
an 





os Vi = Voo ~ 21V 
= Voip = 1.65V Max 


Vonpb = 3.85V Min 


Vin = Voc 
or GND 


ah 
ano 


*All outputs loaded; thresholds on input associated with output under test. 
+Maximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics 


a 7 7 <- 2 


Vec* Ta = +25°C 
(V) C, = 50 pF 


Min | Min Typ Max | Max 
Maximum Clock 90 125 - Sete ee te 
Frequency 140 175 95 125 
Propagation Delay 13.0 14.0 14.0 
CP to Qn ; : 9.0 Hs 10.0 10.0 
Propagation Delay 3.5 8.5 13.0 1.0 15.0 14.5 
CP to Qn 2.5 6.5 10.0 1.0 11.0 11.0 


*Voltage Range 3.3 is 3.3V £0.3V 
Voltage Range 5.0 is §.0V +0.5V 


Parameter 


AC Operating Requirements 


Ta = +25°C Lo > re 
Lear te +125°C 
L P = 50 pF 


Guaranteed Minimum 
Setup Time, HIGH or LOW te 5 7.5 
Dn to CP 2.5 6.0 
Hold Time, HIGH or LOW ~2.0 1.5 
Dp, to CP —-1.0 mo 2.5 
Setup Time, HIGH or LOW 4.0 6.0 7.5 
CE to CP 2.5 4.0 45 


Parameter 


Hold Time, HIGH or LOW ie - 
CE to CP 
CP Pulse Width 
HIGH or LOW 
*Voltage Range 3.3 is 3.0V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 
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AC Electrical Characteristics 


74ACT 54ACT 74ACT 
; Ta = —55°C Ta = —40°C 
Parameter ai. ie . is o to + 125°C to +85°C 
meets Se = 50 pF on = 50 pF 
| Min Typ Max _—| 


Maximum Clock 

Frequency 

Propagation Delay 

CP to Q, 3.0 6.5 9.0 1.0 11.0 2.5 10.0 
Propagation Delay 

CP to Qn 


*Voltage Range 5.0 is 5.0V +0.5V 





AC Operating Requirements 


. Ta = —55°C 
Parameter Ta= a eee to + + 125°C 
| typ | Guaranteed Minimum 


Setup Time, HIGH or LOW 
Dn to CP 


Hold Time, HIGH or LOW 
Dy, to CP 


Setup Time, HIGH or LOW 
CE to CP 


Hold Time, HIGH or LOW 
CE to CP 


*Voitage Hange 9.0 Is 5.UV +U.5V 


Capacitance 





Input Capacitance ee 
a 


Power Dissipation 
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National | 
Semiconductor 


54ACT/74ACT381 
4-Bit Arithmetic Logic Unit 


General Description 


The ’ACT381 performs three arithmetic and three logic op- 
erations on two 4-bit words, A and B. Two additional select 
input codes force the function outputs LOW or HIGH. Carry 
propagate and generate outputs are provided for use with 
the ‘AC/’ACT182 carry lookahead generator for high-speed 
expansion to longer word lengths. 


Logic Symbols 


ADVANCE INFORMATION 


Features 

m Low input loading minimizes drive requirements 

m Performs six arithmetic and logic functions 

m Selectable LOW (clear) and HIGH (preset) functions 

m Carry generate and propagate outputs for use with 
carry lookahead generator 

g ’ACT381 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 


_ Ay Bg Ay By Ag Bg Az Bs 





TL/F/9962~1 


oon Ook WN 


IEEE/IEC 


TL/F/9962~4 


Fo Sp Sy Sp By 
BHO 





a.8.8.8 
i] 
P C, Bs Ag Bo 
TL/F/9962-3 


A Operand Inputs 

B Operand Inputs 

Function Select Inputs 

Carry Input 

Carry Generate Output (Active LOW) 
Carry Propagate Output (Active LOW) 
Function Outputs 
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54ACT/74ACT399 
Quad 2-Port Register 


General Description 


The 'ACT399 is the logical equivalent of a quad 2-input mul- 
tiplexer feeding into four edge-triggered flip-flops. A com- 
mon Select input determines which of the two 4-bit words is 
accepted. The selected data enters the flip-flop on the rising 
edge of the clock. 


Ordering Code: see Section 5 


Logic Symbols 


loa "1a lob Mtb loc Ne low Na 


TL/F/9789-1 


IEEE/IEC 


TL/F/9789-5 


Description 


Common Select Input 
Clock Pulse Input 


Data Inputs from Source 0 
Data Inputs from Source 1 
Register True Outputs 





Features 

@ Select inputs from two data sources 
m Fully positive edge-triggered operation 
m Outputs source/sink 24 mA 

m ’ACT399 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


1 

2 
3 
4 
5 
6 
7 
8 


TL/F/9789-3 
Pin Assianment 
for LCC 


lob tb NC Ihe low 
ESCs 


A) 
1) (5) 
loc We NC Na low 
TL/F/9789-2 
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Functional Description Function Table 


The 'ACT399 is a high-speed quad 2-port register. It selects 
four bits of data from either of two sources (Ports) under 
control of a common Select input (S). The selected data is 
transferred to a 4-bit output register synchronous with the 
LOW-to-HIGH transition of the Clock input (CP). The 4-bit 
D-type output register is fully edge-triggered. The Data in- 
puts (lox, 14x) and Select input (S) must be stable only a 
setup time prior to and hold time after the LOW-to-HIGH 


transition of the Clock input for predictable tion. IGH Voltage Level 
ansition of put for predictable operation W Voltage Level 
immaterial 
_/~ = LOW-to-HIGH Clock Transition 


Logic Diagram 


cP 


TL/F/9789-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 





4-208 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (Ij) 

V, = —0.5V 

Vi = Voc + 0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (lox) 

Vo = —0.5V 

Vo = Voc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source or Sink Current (Io) 
DC Voc or Ground Current 

per Output Pin (Icc or Ignp) +50 mA 
Storage Temperature (TstTq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—-20mA 
+20 mA 


—0.5V to Voc + 0.5V 


—20 mA 
+20 mA 


—0.5V to Voc + 0.5V 
+50 mA 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
"AC 


*ACT 
Input Voltage (V)) 
Output Voltage (Vo) 
Operating Temperature (Ta) 


74AC/ACT 
54AC/ACT 

Junction Temperature (Ty) 
CDIP 
PDIP 

Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 


(Except Schmitt Inputs) "AC Devices 


Vin from 30% to 70% of Vcc 
Voc @ 3.0V 
Voc @ 4.5V 
Vcc @ 5.5V 


Input Rise and Fall Time (ty, t,) 
(Note 2) (Typical) 


(Except Schmitt Inputs) "ACT Devices 


Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 

Vcc @ 4.5V 

Vcc @ 5.5V 


2.0V to 6.0V 
4.5V to 5.5V 


OV to Voc 
OV toVcc 


—40°C to + 85°C 


—55°C to + 125°C 


+175°C 
+140°C 


150 ns/V 
40 ns/V 
25 ns/V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 


typical input rise and fall times noted here. 


DC Electrical Characteristics tor ‘act Family Devices 


74ACT 54ACT 74ACT 


Symbol Parameter 


| Typ | 


Minimum High Level | 4.5 1.5 2.0 2.0 2.0 Vv 
Input Voltage 5.5 1.5 2.0 2.0 2.0 

Vit Maximum Low Level | 4.5 1.5 0.8 0.8 0.8 Vv 
Input Voltage 5.5 1.5 0.8 0.8 0.8 


Vcc = 
(vy | TA= 25°C gee +125°C aipeue +85°C 


Guaranteed Limits 


VoH Minimum High Level | 4.5 4.49 4.4 4.4 4.4 
5.5 | 5.49 5.4 5.4 5.4 


4.5 3.86 3.70 3.76 
5.5 4.85 4.70 4.76 


Maximum Low Level | 4.5 | 0.001 0.1 0.1 0.1 
Output Voltage 5.5 } 0.001 0.1 0.1 0.1 





hin Maximum Input +04 
Leakage Current 


Ioct Maximum Icc/ neu 


[55 | os | 
lov =| Seinen Pes 
loup Output Current P55] | | 


Maximum Quiescent 

Supply Current 
Note 3: Icc for the 54ACT device is identical to the 74ACT device at 25°C. 
*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 


4.5 0.36 0.50 0.44 V 
5.5 0.36 0.50 0.44 
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Conditions 


Vout = 0.1¥ 
or Voc —0.1V 


Vout = 0.1V 
or Voc — 0.1V 


|v [tor = —50 pA 
He = Vi_or Vin 


loH —24mA 
—24mA 


ov | four = 50 pA 
BA bes = Vit or Vin 


lot 24mA 
24mA 


= Vcc, GND 


Vi = Voc —2.1V 
Votp = 1.65V Max 
VoHp = 3.85V Min 


Vin = Voc 
or Ground (Note 3) 





66€ 
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AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C ae 
Parameter Veo = +5.0V - oO : = 
C_ = 50 pF es P 


Input Clock Frequency 

Propagation Delay 

CP toQ | 1.5 7.0 8.0 

Propagation Delay 

CP toQ 2.0 6.0 9.0 2.0 


*Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements: see Section 2 for Waveforms 


74ACT 54ACT 74ACT 
Vec*| Ta = +25°C | Ta = 58°C to +125°C | Ta = —40°C to +85" 
Parameter (V) C. = 50 pF CL = 50 pF C. = 50 pF. 


Typ Guaranteed Minimum 


Setup Time, HIGH or LOW 3.0 
I, to CP ; 


Hold Time, HIGH or LOW 
In to CP 


Setup Time, HIGH or LOW 
S to CP 


Hold Time, HIGH or LOW 
S to CP 

CP Pulse Width 

HIGH or LOW 


*Voltage Range 5.0 is 5.0V +0.5V | 


Capacitance 


Typ 
Input Capacitance pF 
Power Dissipation Capacitance | 30 | 
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54AC/74AC520 © 54ACT/74ACT520 
8-Bit Identity Comparator 


General Description Features 


The ’AC/’ACT520 are expandable 8-bit comparators. They ™ Compares two 8-bit words in 6.5 ns typ 
compare two words of up to eight bits each and provide a m Expandable to any word length 

LOW output when the two words match bit for bit. The ex- m 20-pin package 

pansion input lq = p also serves as an active LOW enable sg Outputs source/sink 24 mA 


input. m 'ACT520 has TTL-compatible inputs 


Ordering Code: see Sections 


Logic Symbols Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


By A7 Bg Ag Bs As By Ay Bx Az Bp Ap By Ay By Ap 


On=8 





TL/F/10194-1 


IEEE/IEC 


COMP 
> 


onan On kr WH 


TL/F/10194-2 


Pin Assignment 
for LCC 
Az By Ap By Ay 
[6] 
Chel hed ed 


Bs Ag Bg Ay By 


TL/F/10194-3 
TL/F/10194~4 


Word A Inputs 
Word B Inputs 
Expansion or Enable Input 
Identity Output 
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Truth Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 
*Ag = Bo, Ay = By, Ao = Ba, ete. 


Logic Diagram 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


> 
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TL/F/10194-5 








Absolute Maximum Rating (Note 1) 
If Milltary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 








Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (Ix) 
Vy) = —0.5V —20 mA 
Vi = Voc + 0.5V +20 mA 







DC Input Voltage (V)) 
DC Output Diode Current (lox) 


—0.5V to Voc + 0.5V 











Vo = —0.5V —20mA 

Vo = Voc + 0.5V +20mA 
DC Output Voltage (Vo) —0.5V to to Veco + 0.5V 
DC Output Source 

or Sink Current (io) +50 mA 
DC Voc or Ground Current 

per Output Pin (Icc or Iqnp) +50 mA 





Storage Temperature (Tstg) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variabies. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 



































Conditions 
Supply Voltage (Vcc) 
‘AC 


"ACT 
Input Voltage (Vj) 
Output Voltage (Vo) 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 
CDIP 
PDIP 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 
Voc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 


(Except Schmitt Inputs) "ACT Devices 


VIN from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 

Vcc @ 4.5V 

Voc @ 5.5V 


Recommended Operating 





2.0V to 6.0V 
4.5V to 5.5V 


OV toVcc 
OV to Vcc 


—40°C to + 85°C 
—55°C to + 125°C 


175°C 
140°C 


150 ns/V 
40 ns/V 
25 ns/V 


10 ns/V 
8 ns/V 


Note 2: See individual datasheets for those devices which differ from the 


typical input rise and fall times noted here. 


DC Characteristics for "AC Family Devices 
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vac | saac_ | 74a 
Vcc ie - Ta= Ta= 
Symbol Parameter (V) Ta = +25°C 55°C to +125°C | —40°C to +85°C Conditions 
Typ Guaranteed Limits 
Vin Minimum High Level 1.5 2.1 VouT = 0.1V 
Input Voltage 2.25 3.15 Vv or Vcc — 0.1V 
2.75 3.85 
Vit Maximum Low Level | 3.0 1.5 0.9 0.9 0.9 Vout = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 Vv or Vcc — 0.1V 
5.5 2.75 1.65 1.65 1.65 
Minimum High Level | 3.0 2.99 2.9 2.9 2.9 louT = —50 pA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 Vv 
5.5 | 5.49 5.4 5.4 5.4 
*Vin = Vitor Vin 
3.0 2.56 2.4 2.46 —12mA 
4.5 3.86 3.7 3.76 Vv OH —24mA 
5.5 4.86 47 4.76 —24mA 
Maximum Low Level | 3.0 | 0.002 | 0.1 0.1 0.1 lout = 50 pA 
Output Voltage 4.5 | 0.001 0.1 0.1 0.1 Vv 
0.001 0.1 0.1 0.1 
*ViIN = Vit or Vin 
0.36 0.50 0.44 12mA 
0.36 0.50 0.44 Vv lot 24mA 
0.36 0.50 0.44 24mA 
Maximum Input Vi = Voc, GND 
Leakage Current Eee eee 
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DC Characteristics for "AC Family Devices (Continued) 


vance | aac | 74a 


Ta = +25°C Ta = Ta = 


—55°C to + 125°C | —40°C to + 85°C 


Vec 
(V) 


Parameter 


Guaranteed Limits 


¢Minimum Dynamic Bee ge LR 
Maximum SS 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: li and Icc¢ @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


= é Ta = Ta= 
Tae t 280 | eee are | area 0g to + 125°C | —40°C to +85°C 


| Typ | | ss GuaranteedLimits si Limits 
Minimum High Level | 4.5 1.5 2.0 Vv 
Input Voltage 5.5 1.5 2.0 
VIL Maximum Low Level | 4.5 1.5 0.8 0.8 0.8 
Input Voltage rae 5 1.5 rie 8 J 8 — 8 
Minimum High Level 4, a 
Output Voltage a 49 


4.5 3.86 3.70 3.76 
ras ro Te 4 


cS 001 
Pana 


45 0.36 0.50 0.44 
5.5 0.36 0.50 0.44 
Maximum Input 

Leakage Current 


Vcc 
(V) 


Symbol Parameter 


Maximum Low Level 
Output Voltage 





Maximum 
Ioc/Input 
tMinimum Dynamic 


a DE 


Maximum Quiescent 
Supply Current 
*All outputs loaded; thresholds on input associated with output under test. 


+Maximum test duration 2.0 ms, one output loaded at a time. 
Note: Ico for 54ACT @ 25°C is identical to 74ACT @ 25°C, 
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Conditions 


VoLp = 1.65V Max 
VoHpb = 3.85V Min 





Conditions 


Vout = 0.1V 
or Voc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


| y [lo = —50 pA 


ED is = Vit or Vin 
—24mA 


lOH —24mA 


jw [loon = 50 vA 


eae = Vi_ or Vin 
24mA 
24mA 


a | = Voc: GND 


lot 


ch =Voc — 2.1V 


rea cee = 1.65V Max 
| mA | VoxD = 3.85V Min 


Vin = Voc 
or GND 





AC Electrical Characteristics 


74AC | s4ac | 7AAC 
Parameter 


Ta = —55°C 
to + 125°C 
C. = 50 pF 


Propagation [ oe 


Propagation | | Bo 
An Or By toOn = B 
Propagation Delay 
Ia =ptoOa=p 
Propagation Delay 
Ia = ptoOa=8 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


AC Electrical Characteristics 


V Ta = —55°C 
Parameter =a to + 125°C 


Propagation [ Delay 
An Or By to Oa, = B 


Propagation Delay 


An or Bn to Oa = 8 

Propagation Delay 

In = ptoOa=8 

Propagation Delay 25 5.0 7.5 

la =8 to Oa =B ; 


"Vollage Range 5.0 is S.0V 20.5 





4-215 


02S 


520 


Capacitance 


ou Input Capacitance | Vog = 5.0V_ | = 5.0V 
Power Dissipation Capacitance pf ee Voc = 5.0V 


Applications 





Ripple Expansion 
A7 By Ag Bg Ay5 Bis ArgByg —Az3 Bos 


TUL/F/10194-6 


Parallel Expansion 
Ap Bo = AB Ag Bg Ais Bis AigByg Ags Bos 


TL/F/10194-7 
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54AC/74AC521 © 54ACT/74ACT521 


8-Bit Identity Comparator 


General Description 


The *AC/’ACT521 is an expandable 8-bit comparator. It 
compares two words of up to eight bits each and provides a 
LOW wutput when the two words match bit for bit. The ex- 
pansion input Iq = g also serves as an active LOW enable 
input. 


Ordering Code: see Section 5 


Logic Symbols 


Features 

m@ Compares two 8-bit words in 6.5 ns typ 
m Expandable to any word length 

™@ 20-pin package 

m Outputs source/sink 24 mA 

mg ’ACT521 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


By A7 Bg Ag Bs As By Ay Bz Ax By Ap By Ay By AQ 


Onze 





IEEE/IEC 
COMP 


Description 


Word A Inputs 


Word B Inputs 
Expansion or Enable Input 
Identity Output 





TL/F/9964—1 


oon ouwrkrk wan = 


= 
Oo 


TL/F/9964~-2 


Pin Assignment 
for LCC 
As 8p Ap By Ay 
f) I 
LE 


4 te 7 
Bs Ag Bg Ay By 


TL/F/9964-3 
TL/F/9964-4 
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Truth Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 
*Ao = Bo, Ay = By, Ao = Bo, ete. 


Logic Diagram 


‘Tasp e > 
TL/F/9964-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 
If Military/Aerospace specified devices are required, 


Recommended Operating 
Conditions 


Los 


please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Supply Voltage (Vcc) —0.5V to +7.0V "ACT 

DC Input Diode Current (lj) Input Voltage (Vj) 
aoa Output Voltage (Vo) 


Vi = Voc + 0.5V 0 ee ; r 
DC Input Voltage (V)) Oey ean mela) 


DC Output Diode Current (lox) 54AC/ACT 


Vo = —0.5V : 
Vo = Vec + 0.5V Junction Temperature (Ty) 


DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (lo) 
DC Vcc or Ground Current 
per Output Pin (I¢c or Iqnp) +50 mA 
Storage Temperature (Tstg) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, output/input loading variables. National does not recommend 
operation of FACT™ circuits outside databook specifications. 


Supply Voltage (Vcc) 
"AC 


2.0V to 6.0V 
4.5V to 5.5V 


OV to Vcc 


= 20 mA OV to Voc 


+20mA 


—0.5V to Vcc as 0.5V —40°C to + 85°C 


—§5°C to + 125°C 
—20mA 
+20 mA 


—0.5V to to Voc + 0.5V 


175°C 
140°C 
Input Rise and Fall Time (t,, ty) 

(Note 2) (Typical) 

(Except Schmitt Inputs) "AC Devices 

Vin from 30% to 70% of Vcc 

Vcc @ 3.0V 

Voc @ 4.5V 

Voc @ 5.5V 


Input Rise and Fall Time (t;, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 
Vin from 0.8V to 2.0V, Vimneas 
from 0.8V to 2.0V 
Voc @ 4.5V 10 ns/V 
Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


+50 mA 


150 ns/V 
40 ns/V 
25 ns/V 


DC Characteristics for "AC Family Devices 


vaac | aac] 74a 


Vcc rz 5 Ta = Ta = 
(vy) | [A= 28°C | _ cect +125°¢ | —40°C to +85°C 
| typ | = Guaranteed Limits 


Guaranteed Limits 


Symbol! Parameter Conditions 


Vin Minimum High Level | 3.0 1.5 2.1 2.1 
Input Voltage 4.5 2.25 3.15 3.15 
5.5 2.75 3.85 3.85 


ViL Maximum Low Level | 3.0 1.5 0.9 0.9 
Input Voltage 4.5 2.25 1.35 1.35 
5.5 2.75 1.65 1.65 


Minimum High Level 3.0 2.99 2.9 2.9 ; lout = 
Output Voltage 4.5 4.49 4.4 4.4 
5.5 5.49 5.4 


Vout = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


—50 pA 


"Vin = Vit or Vin 
3.0 ; 2.4 . —12mA 
4.5 lon —24mA 
5.5 —24mA 


Maximum Low Level | 3.0 = 50 pA 


Output Voltage 4.5 
12mA 


V 
j i 0.1 
5.5 : i 3 
*VIN asian 
3.0 : : 
45 ; . lo. 24mA 
5.5 ; : 24mA 
Maximum Input ne PT Vi = Voc, GND 
Leakage Current 
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DC Characteristics for "AC Family Devices (continued) 


mac | sano | 74AC 


Ta= Ta = 
Taree ime to +125°C | —40°C to +85°C 


| = GuaranteedLimits = Limits 


Minimum Dynamic SS 


Output Current 


Maximum wn SE 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: lixy and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


Vcc 
(V) 


Parameter 


| Typ | 





DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


o Ta 7 Ta ~ 
— = +25°C a ae to + 125°C —40°C to + 85°C 


| = GuaranteedLimits = Limits 
Minimum High Level | 4.5 oe 5 2.0 2.0 
Input Voltage 5.5 1.5 2.0 2.0 
VIL Maximum Low Level 
Input Voltage : : ; : 
4.4 
5.4 


Minimum High Level FS : 4. ea ea : 
Output Voltage ea 49 : 
4.5 3.86 3.70 3.76 
5.5 4.86 4.70 4.76 
4.5 | 0.001 0.1 0.1 0.1 Vv 
5.5 | 0.001 0.1 0.1 0.1 
0.36 0.50 0.44 V 
0.36 0.50 0.44 
Maximum Input 
Leakage Current cod OE WO 
Maximum 
Ioc/Input 


Minimum Dynamic 
——e 


Vec 
(V) 


Symbol Parameter 





Maximum Low Level 
Output Voltage 





Output Current 


Maximum mr 
Supply Current 
*All outputs loaded; thresholds on input associated with output under test. 


tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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| mA | VouD = 


Conditions 


VoLp = 1.65V Max 


3.85V Min 


Conditions 


Vout = 0.1V 
or Voc — 0.1V 


Vout = 0.1V 
or Voc — 0.1V 


lout = —50 pA 


*Vin = Vitor Vin 
—24mA 


loH ~24mA 


lout = 50 pA 


*Vin = Vir or Vin 
24mA 
24mA 


lot 


= Voc — 2.1V 


| mA | Vow = 1.65V Max 
VoHp = 3.85V Min 


Vin = Voc 
or GND 





AC Electrical Characteristics 


‘ Ta = —55°C 
oaae ed 8 
i“ . 


Propagation f All is n 
An or Bp to Oa = B 


Propagation | wea oo 


Propagation Delay 

Ia = ptoO,a=B 
ee Delay ate 
Ia = BtoO, =8 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


AC Electrical Characteristics 


' Ta = —55°C 
to + Bisel 


Propagation Delay 
An or By to On = B 


Propagation Delay 
Propagation Delay 
Ia = BtoO, =8 


Propagation Delay 
ia = ptoOag=B 


*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


Input Capacitance oe ee Voo = 5.0V 
Power Dissipation Capacitance Voc = 5.0V 
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LoS 


521 


Applications 


Ripple Expansion 
Ag Bg Ay5 Bis 


ENABLE 
LOW 


Parallel Expansion 
Ap By = Ay By Ag Bg Ay Bys 


weccece eoccces 
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AigBig = Aga Bog 


AygBig Ag Ba3 


TL/F/9964-6 


TL/F/9964-7 
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54ACT/74ACT534 


Octal D Flip-Flop with TRI-STATE® Outputs 


General Description 

The 'ACT534 is a high-speed, low-power octal D-type flip- 
flop featuring separate D-type inputs for each flip-flop and 
TRI-STATE outputs for bus-oriented applications. A buff- 
ered Clock (CP) and Output Enable (OE) are common to all 
flip-flops. The "ACT534 is the same as the 'ACT374 except 
that the outputs are inverted. 


Ordering Code: see Section 5 
Logic Symbols 


IEEE/IEC 


Dp 0, Dz Dz D, Ds Dg Dy 


TL/F/9965-1 


Data Inputs 

Clock Pulse Input 

TRI-STATE Output Enable Input 
Complementary TRI-STATE Outputs 


Features 

m Edge-triggered D-type inputs 

Buffered positive edge-triggered clock 

m TRI-STATE outputs for bus-oriented applications 
™ Outputs source/sink 24 mA 

@ 'ACT534 has TTL-compatible inputs 

B Inverted output version of. 'ACT374 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


ooaonrouwrnrk® wn - 


TL/F/9965-3 


Pin Assignment 
tor LCC 
Ds Dp O2 0, Dy 
(6) S) 
fn fn 


_F_ 
(4) (5) fe) 
Ds O5 05 Dg D7 
TL/F/8965-4 
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ves 


534 


Functional Description 


The 'ACT534 consists of eight edge-triggered flip-flops with 
individual D-type inputs and TRI-STATE complementary 
outputs. The buffered clock and buffered Output Enable are 
common to all flip-flops. The eight flip-flops will store the 
state of their individual D inputs that meet the setup and 
hold times requirements on the LOW-to-HIGH Clock (CP) 


Logic Diagram 


transition. With the Output Enable (OE) LOW, the contents 
of the eight flip-flops are available at the outputs. When the 
OE is HIGH, the outputs go to the high impedance state. | 
Operation of the OE input does not affect the state of the 
flip-flops. 





TL/F/9965-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


Function Table 


HIGH Voltage Level 


H = 
L = LOW Voltage Level 
X = Immaterial 

./_ = LOW-to-HIGH Clock Transition 

Z = High Impedance 

Oo = Value stored from previous clock cycle 





4-224 


Absolute Maximum Rating (note 1) 

If Military/Aerospace specified devices are required, 
please contact the Natlonal Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to +7.0V 

DC Input Diode Current (Ix) 
V,; = —0.5V —20 mA 
= Voc + 0.5V +20 mA 


DC Input Voltage (V}) 
DC Output Diode Current (Io) 


—0.5V to Voc + 0.5V 


Vo = —0.5V —20mA 

Vo = Voc + 0.5V +20mA 
DC Output Voltage (Vo) —0.5V to to Voc + 0.5V 
DC Output Source 

or Sink Current (Io) +50 mA 
DC Vcc or Ground Current 

per Output Pin (Icc or I@np) £50 mA 


Storage Temperature (Tstaq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
"AC 


2.0V to 6.0V 
‘ACT 4.5V to 5.5V 
Input Voltage (V)) OV to Vcc 
Output Voltage (Vo) OV to Vcc 
Operating Temperature (Ta) 
74AC/ACT — 40°C to + 85°C 
54AC/ACT —55°C to + 125°C 
Junction Temperature (Ty) 
CDIP 175°C 
PDIP 140°C 


Input Rise and Fall Time (t,, tp) 
(Note 2) (Typical) 
(Except Schmitt Inputs) “AC Devices 
Vin from 30% to 70% of Vcc 


Voc @ 3.0V 150 ns/V 

Voc @ 4.5V 40 ns/V 

Voc @ 5.5V 25 ns/V 
Input Rise and Fall Time (t,, tp) 

(Note 2) (Typical) 

(Except Schmitt Inputs) "ACT Devices 

Vin from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Vcc @ 4.5V 10 ns/V 

Voc @ 5.5V 8 ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Symbol Parameter 
Vin Minimum High Level Be 5 
Input Voltage : 1.5 5 ; 


Vec Ta = 
(V) + io ee —5 


5°C to + 125°C 


Ta = Ta= 
— 40°C to + 85°C 


a | ss GuaranteedLimits = 


Vout = 9.1V 
or Vcc — 0.1V 


Conditions 


VIL Maximum Low Level 45) 1.5 | 0.8 =e 8 0.8 VouT = 0.1V 
Input Voltage §5| 1.5 | 0.8 0.8 0.8 or Vcc — 0.1V 


Vou Minimum High Level 
Output Voltage 








VoL Maximum Low Level 
Output Voltage 


loz Maximum TRI-STATE® 
Current 


loct Maximum 1.6 aK 
Ioc/Input 


Fas 0.1 0.1 
EA 0.001 0.1 0.1 
4.5 0.36 0.50 0.44 
cae el ae Cae ata 


lin Maximum Input Leakage Current} 5.5 | | | 0.1 1 


4.5 | 4.49 | 4.4 4.4 4.4 Ee gees 
5.5 | 5.49] 5.4 5.4 5.4 
BS = ViL or Vi 
4.5 3.86 3.70 3.76 —24mA 
5.5 4.86 4.70 4.76 —24mA 
jy [ler = 50 pA 


24mA 
24mA 
+1 | eto | | otto 0 | pa | Vi = Vcc, GND 
= Vit VIH 
ete ee vo= Voc, GND 
= Voc — 2.1V 


aie = Vi or Vin 


yes 


534 





DC Characteristics for "ACT ee tana Devices (Continued) 


| zvaact |  54acT 74ACT 
Vec ed = Ta = 
Farametey (V) [Stee | sete | set are —55°C to + 125°C Saye to +85°C roneiions 
| ss GuaranteedLimits = Limits 


Minimum Dynamic ee Vou = 1.65V Max 


ae Current | mA | Voup = 3.85V Min 


Maximum Quiescent 
Supply Current ae si as ie 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Ioc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 


AC Electrical Characteristics 


74ACT 54ACT 74ACT 
Vec* ~ 
Parameter 
(V) 


Ta = +25°C TAS Pee: 
eee tas to + 125°C 
L P So ee 


Min Typ 
Maximum Clock 
Frequency 
Propagation Delay 
CP to Gp 2.5 6.5 11.5 1.0 14.0 2.0 12.5 
Propagation Delay 
CP to Qn, 


Output Enable Time | 50 | 25 65 120 | 
OutputenableTime | 50 | 20 60 11.0 Tape iene eae corm te 
ou DuabeTino | 80 [1870 es | 10 148 [10108 [ro 


Output DisableTime | 50 | 15 55 105 | 10 115 | 10 105 | ns | 


*Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


T4ACT 54ACT 74ACT 
Vcc" 
Parameter 
(V) 


ae m Ta = —55°C Ta = —40°C 
: pias to+125¢ | to +85°C 
L P CL =50pF | C, = 50pF 


Guaranteed Minimum 


Setup Time, HIGH or LOW 1.0 

Dr to CP 

Hold Time, HIGH or LOW = 

Dy, to CP Petter ata ta 
CP Pulse Width 3.5 

HIGH or LOW . 


*Voltage Range 5.0 is 5.0V +0.5V 
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Capacitance 


| symiot | Parameter ss 
Parameter 
Input Capacitance 


Power Dissipation 
Capacitance 
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Conditions 


Voc = 5.0V 
Voc = 5.0V 





yes 


540 
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54AC/74AC540 ¢ 54ACT/74ACT540 
Octal Buffer/Line Driver with TRI-STATE® Outputs 


General Description Features 

The 'AC/’ACT540 is an octal buffer/line drivers designed to = TRI-STATE inverting outputs 

be employed as memory and address drivers, clock drivers m Inputs and outputs opposite side of package, allowing 
and bus oriented transmitter/receivers. easier interface to microprocessors 
These devices are similar in function to the ’AC/‘ACT240  m Output source/sink 24 mA 

while providing flow-through architecture (inputs on oppo- m ’ACT540 has TTL-compatible inputs 
site side from outputs). This pinout arrangement makes 

these devices especially useful as output ports for micro- 

processors, allowing ease of layout and greater PC board 

density. 

The information for the 'ACT540 is Advanced Information only. 


Ordering Code: see Sections 


Logic Symbol Connection Diagrams 
IEEE/IEC Pin Assignment Pin Assignment 
for DIP, Flatpak and SOIC for LCC 


le vig-de 
ay, Ig Is Ig Is bo 
(8) 7 (8) (5) 4) 


tc 


va 


Jd dt 


== ul 


04 03 Oo 0; Op 
TL/F/9966-2 


i 
ai 





{ 


i 
ttt 


TL/F/8966-3 


HIGH Voltage Level 
LOW Voltage Level 
tmmaterial 

High Impedance 
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Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (Ix) 
Vv, = —0.5V 
= Vcc + 0.5V 
DC Input Voltage (Vj) 
DC Output Diode Current (IoK) 
Vo = —0.5V 
Vo = Voc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 


DC Vcc or Ground Current 
per Output Pin (Icc or Ianp) +50mA 


Storage Temperature (Tstaq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT circuits outside databook specifications. 


—20mA 
+20mA 


—0.5V to Vcc + 0.5V 
—20 mA 
+20mA 

—0.5V to to Vcc + 0.5V 


+50 mA 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
"AC 
"ACT 
Input Voltage (V)) 
Output Voltage (Vo) 
Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 
Junction Temperature (Ty) 
CDIP 
PDIP 
Input Rise and Fall Time (t,, tp) 
(Note 2) (Typical) 


(Except Schmitt Inputs) "AC Devices 


Vin from 30% to 70% of Voc 
Vcc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t,, tp) 
(Note 2) (Typical) 


(Except Schmitt Inputs) "ACT Devices 


Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 

Voc @ 4.5V 

Vcc @ 5.5V 


2.0V to 6.0V 
4.5V to 5.5V 


OV to Vcc 
OV to Voc 


-—40°C to + 85°C 
—55°C to + 125°C 


175°C 
140°C 


150 ns/V 
40 ns/V 
25 ns/V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 


typical input rise and fall times noted here. 


DC Characteristics for "AC Family Devices 


vac | saac | 74a 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 


5.5 
Maximum Input 
Leakage Current 


°C Ta - Ta i. 
—55°C to + 125°C | —40°C to + 85°C 


Guaranteed Limits — 
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Conditions 


Vout = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


lout = —50 pA 


*Vin = Vic or Vin 
—12mA 
IOH —24mA 
—24mA 


louT = 50 pA 


*Vin = Vitor Vin 
12mA 
lo 24mA 
24mA 


= Voc, GND 





Ors 


540 


DC Characteristics for ’AC Family Devices (continued) 


| mance | saa | 74 


Vec Ta= 
Parameter (v) =. +25°C | 282 Berek Be, to +125°C | — ae o +B5°C Conditions 


| ss GuaranteedLimits = Limits 


Maximum TRI-STATE® V, (OE) = Vit, Vin 
Current +10.0 BA | Vi = Voc, GND 
ee Voc, GND 


TtMinimum Dynamic | ma | Voip = 1.65V Max 


Maximum Quiescent 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 


Note: liy and Ioc @ 3.0V are guaranteed to be less than or equal tp the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


AC Electrical Characteristics 


74AC | saac | AAC 
Vcc" 
Parameter 
(V) 


Ta = —55°C 
to + 125°C 
ae = 50 pF 


| Min Typ Max | 


Propagation Delay 
Data to Output 


1 tees 9.0 1.0 8.0 

is Fe a0 1.0 7.0 1.0 6.5 
Propagation Delay 5.0 7.0 1.0 8.0 1.0 
Data to Output 4.0 5.5 1.0 6.5 1.0 

Output Enable Time 8.5 11.0 1.0 13.0 2.5 is 
6.5 8.5 1.0 10.0 2.0 

Output Enable Time 2.5 7.5 10.0 1.0 12.0 2.0 : 1 . 
2.0 6.0 7.5 1.0 9.0 1.5 


Output Disable Time 2.5 8.5 13.0 1.0 15.5 1.5 14.0 
1.5 7.5 10.5 1.0 12.0 1.0 11.0 
Output Disable Time 2.5 7.0 10.0 1.0 12.0 2.0 11.0 
1.5 6.0 8.0 1.0 10.0 1.5 9.0 
*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range §.0 is 5.0V +0.5V 


Capacitance 


Input | Input Capacitance _| | Veo = 5.0V | = 5.0V 


Power Dissipation 
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54AC/74AC541 ¢ 54ACT/74ACT541 
Octal Buffer/Line Driver with TRI-STATE® Outputs 


General Description 


The 'AC/*ACT541 is an octal buffer/line driver designed to 
be employed as memory and address drivers, clock drivers 
and bus oriented transmitter/receivers. The 'AC/’ACT541 is 
a noninverting option of the ’AC/’ACT540. 

This device is similar in function to the ’AC/'ACT244 while 
providing flow-through architecture (inputs on opposite side 
from outputs). This pinout arrangement makes this device 
especially useful as an output port for microprocessors, al- 
lowing ease of layout and greater PC board density. 

The Information for the ACT541 Is Advanced Informa- 
tion only. 


Ordering Code: see Sections 


Logic Symbol 
IEEE/IEC 


Pin Assignment 
for DIP, Flatpak and SOIC 


IGH Voltage Level 
OW Voltage Level 
mmaterial 

High Impedance 


Features 

m TRI-STATE outputs 

m@ Inputs and outputs opposite side of package, allowing 
easier interface to microprocessors 


m Output source/sink 24 mA 
gm ’ACT541 has TTL-compatible inputs 
w ’AC/’ACT540 provides inverted outputs 


Connection Diagrams 


Pin Assignment 
for LCC 


Ig ls: ly. ty to 
BOA) 


ail 


is 
[ 





OO 
(14) (5) (te) 17) (a) 
04 03 02 04 Og 


TL/F/9967-1 


TL/F/9967-2 
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Absolute Maximum Rating (Note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to + 7.0V 
DC Input Diode Current (Ij) 
Vv; = —0.5V 
Vi = Voc + 0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (lox) 
Vo = —0.5V 
Vo = Vcc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Vcc or Ground Current 
per Output Pin (Ico or Iqnp) +50 mA 
Storage Temperature (Tstq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20mA 
+20mA 


—0.5V to Voc + 0.5V 
—20mA 
+20mA 

—0.5V to to Vcc + 0.5V 


+50mA 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
‘AC 


2.0V to 6.0V 
—-4.5V to 5.5V 


OV to Vcc 
OV to Voc 


‘ACT 
Input Voltage (V)) 
Output Voltage (Vo) 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (T,) 
CDIP 
PDIP 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 
Voc @ 3.0V 
Vcc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t,, ts) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 
Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vcc @ 4.5V 10 ns/V 
Voc @ 5.5V 8 ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


—40°C to + 85°C 
—55°C to + 125°C 


175°C 
140°C 


150 ns/V 
40 ns/V 
25 ns/V 


DC Characteristics for "AC Family Devices 


74AC 


< 
(9) 
oO 


Symbol Parameter Ta = +25°C 


(V) 
Typ 


1.5 
2.25 
2.75 


1.5 


Vin 3.0 
4.5 


5.5 


3.0 
4.5 
5.5 


Minimum High Level 
Input Voltage 


Vit Maximum Low Level 


Input Voltage 


2.9 
4.4 
5.4 


Minimum High Level 
Output Voltage 


2.56 
3.86 
4.86 


0.1 
0.1 
0.1 


Maximum Low Level 
Output Voltage 


0.36 
0.36 
0.36 





Ta = 
—55°C to + 125°C 


Guaranteed Limits. 


2.9 
4.4 
5.4 


2.4 : 
3.7 3.76 


47 
0.50 


0.50 
0.50 


5.5 
Maximum Input 
Leakage Current fss| [sor sts 
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74AC 


= Ta = 


_ 40°C to +85°C Conditions 


Vout = 0.1V 
or Vcc — 0.1V 


2.1 
3.15 
3.85 

0.9 
1.35 
1.65 


2.9 
4.4 
5.4 


Vout = 0.1V 
or Vcc — 0.1V 


lout = —50 pA 


*Vin = Vit or Vin 
—12mA 
—24mA 
—24mA 


2.46 
lo 
4.76 


lout = 50 pA 


“Vin = Vit or Vin 
12mA 
24mA 
24mA 


lot 


0.44 , 
0.44 
0.44 


pA 





DC Characteristics for "AC Family Devices (continueg) 


mang | s4ac | 74AC 


Vcc Ta= Ta = 
=+ 
Parameter (V) — aa pate sere svete ere to +125°C | —40°C to + 85°C 


| == GuaranteedLimits =| Limits 
Vi = = Yoo GND 


+ 10.0 


{Minimum Dynamic be} ata mA_| Voup = 1.65V Max 


Output Current mA | Vonp = 3.85V Min 


Maximum Quiescent 
Seep Curent cme es —“e ar 


*All outputs loaded; thresholds on input associated with output under test. 
t+Maximum test duration 2.0 ms, one output loaded at a time. 


Note: |) and Iccg @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
Icc for 54AC @ 25°C is identical to 74AC @ 25°C. 






Conditions 













Maximum TRI-STATE® 
Leakage Current 


V, (OE) = Vit, Vin 








lOHD 





AC Electrical Characteristics 


Vec . 
Parameter 
(V) 


Ta = +25°C TA 
CG = 50pF to + 125°C 
L P 2. er 50 pF 


Min 
Propagation Delay 2.0 5.5 8.0 1 tin Mee 10.0 
Data to Output 1.5 4.0 6.0 1.0 7.0 
Propagation Delay 5.5 8.0 1.0 9.5 
Data to Output 4.0 6.0 1.0 7.0 


Output Enable Time 8.0 11.5 1.0 13.5 7 : 
6.0 8.5 1.0 10.0 
Outout Enable Time 3.3 Z : 10.0 1.0 12.5 
5.0 7.5 1.0 9.0 ; : 


Output Disable Time 9.0 12.5 1.0 15.0 2.5 
7.0 9.5 1.0 12.0 1.0 


Output Disable Time 2.5 6.5 9.5 1.0 11.0 2.0 
2.0 5.5 7.5 1.0 9.0 1.0 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 





Capacitance 


Input | Input Capacitance —_| | Veg = 5.0v | = 5.0V 


PD Power Dissipation 
Voc = 5.0V 
a Capacitance CELE IEs: 
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ADVANCE INFORMATION 


54ACT/74ACT543 Octal Registered Transceiver 


General Description 


The 'ACT543 octal transceiver contains two sets of D-type 
latches for temporary storage of data flowing in either direc- 
tion. Separate Latch Enable and Output Enable inputs are 
provided for each register to permit independent control of 
inputting and outputting in either direction of data flow. 


Logic Symbols 


IEEE/IEC 


TL/F/9968-1 


Description 


A-to-B Output Enable Input (Active LOW) 
B-to-A Output Enable Input (Active LOW) 
A-to-B Enable Input (Active LOW) 
B-to-A Enable Input (Active LOW) 


Pin Names 


A-to-B Latch Enable Input (Active LOW) 
B-to-A Latch Enable Input (Active LOW) 
A-to-B Data Inputs or 

B-to-A TRI-STATE® Outputs 

B-to-A Data Inputs or 

A-to-B TRI-STATE Outputs 





Features 

@ 8-bit octal transceiver 

@ Back-to-back registers for storage 

m Separate controls for data flow in each direction 
w 300 mil slim package 

m ’ACT543 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP and SOIC 


omoanoark wanbs 


=o ll 
no += 2o 


TL/F/9968-3 
TL/F/9968-2 


Pin Assignment 
for LCC 

Ag As Ag NC Az Ap Ay 

1 9 [3] @G) 
| ed i 





f3] Bo 29 22 eS Bd Bg 
Bg Bs By NC Bs By By 


TL/F/9968-4 
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54ACT/74ACT544 
Octal Registered Transceiver 


General Description Features 


The ’ACT544 octal transceiver contains two sets of D-type ™ 8-bit octal transceiver 

latches for temporary storage of data flowing in either direc- m™ Back-to-back registers for storage 

tion. Separate Latch Enable and Output Enable inputs are =m Separate controls for data flow in each direction 
provided for each register to permit independent control of = 300 mil slim package 

inputting and outputting in either direction of data flow. They» ACT544 has TTL-compatible inputs 

"ACT544 inverts data in both directions. 


Logic Symbols Connection Diagrams 


JEEE/IEC Pin Assignment for 
DIP and SOIC 


1 
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TL/F/9969-1 
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TL/F/9969-3 


Pin Assignment 
for LCC 
A-to-B Output Enable Input (Active LOW) Ag As Aq NC Ay Ap Ay 

B-to-A Output Enable Input (Active LOW) Ot &) al 
A-to-B Enable Input (Active LOW) on hee oe 
B-to-A Enable Input (Active LOW) 


A-to-B Latch Enable Input (Active LOW) 
B-to-A Latch Enable Input (Active LOW) 
A-to-B Data Inputs or B-to-A 
TRI-STATE® Outputs 

B-to-A Data Inputs or A-to-B 
TRI-STATE Outputs 





23] Bal (25) 
Bg Bs B, NC Bs By By 
TL/F/9969-4 
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National 
Semiconductor 


54ACT/74ACT563 


Octal Latch with TRI-STATE® Outputs 


General Description 

The 'ACT563 is a high-speed octal latch with buffered com- 
mon Latch Enable (LE) and buffered common Output En- 
able (OE) inputs. 

The 'ACT563 device is functionally identical to the ’ACT573, 
but with inverted outputs. 


Ordering Code: see Section 5 
Logic Symbols 


IEEE/IEC 


Dp Dy Dy Ds Dy Ds Dg D, 


TL/F/9970-1 


Data Inputs 

Latch Enable Input 

TRI-STATE Output Enable Input 
TRI-STATE Latch Outputs 


Features 

u Inputs and outputs on opposite sides of package allow 
easy interface with microprocessors 

w Useful as input or output port for microprocessors 

™ Functionally identical to "ACT573 but with inverted 
outputs 

@ Outputs source/sink 24 mA 

m ’ACT563 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


o aoant oak A NY = 


= 
Oo 


TL/F/9970-3 


Pin Assignment 
for LCC 


Dg Ds Dy Ds Dp 
BOB 
et | a 
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Os, 0, Os 0, 0, 


TL/F/9970~-4 
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Functional Description 


The 'ACT563 contains eight D-type latches with TRI-STATE 
complementary outputs. When the Latch Enable (LE) input 
is HIGH, data on the D, inputs enters the latches. In this 
condition the latches are transparent, i.e., a latch output will 
change state each time its D input changes. When LE is 
LOW the latches store the information that was present on 
the D inputs a setup time preceding the HIGH-to-LOW tran- 
sition of LE. The TRI-STATE buffers are controlled by the 
Output Enable (OE) input. When OE is LOW, the buffers are 
in the bi-state mode. When OE is HIGH the buffers are in 
the high impedance mode but that does not interfere with 
entering new data into the latches. 


Logic Diagram 


Dp D Do Ds 


Function Table 


High-Z 
High-Z 


High-Z 
Latched 
Transparent 
Transparent 
Latched 





H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 
NC = No Change 





TL/F/9970-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Voc) —0.5V to +7.0V 
DC Input Diode Current (I)) 
V,; = —0.5V . 
Vi = Voc + 0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (lox) 
Vo = —0.5V 
Vo = Voc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Vcc or Ground Current 
per Output Pin (Icc or Iqnp) +50 mA 
Storage Temperature (Tstq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20mA 
+20 mA 


—0.5V to Voc + 0.5V 
—20mA 

* +20mA 

—0.5V to to Voc + 0.5V 


+50 mA 


Recommended Operating 


Conditions 

Supply Voltage (Vcc) 
‘AC . _2.0V to 6.0V 
"ACT 4.5V to 5.5V 


Input Voltage (V)) OV to Vcc 
Output Voltage (Vo) OV to Vcc 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 
CDIP 
PDIP 


Input Rise and Fall Time (t;, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) ‘AC Devices 
Vin from 30% to 70% of Voc 
Vcoc @ 3.0V 
Voc @ 4.5V 
Vcc @ 5.5V 


Input Rise and Fall Time (t,, ts) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Voc.@ 4.5V 10 ns/V 
Voc @ 5.5V 8 ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


—40°C to + 85°C 
—55°C to + 125°C 


175°C 
140°C 


150 ns/V 
40 ns/V 
25ns/V 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Symbol Parameter 


VIH Minimum eee ane | Level 
Input eee ane | 


Minimum High Level 4. i 
Output Voltage i 49 


Voc Ta= 
= + 
(V) = ao eon Ee is + 125°C | —40°C to + 85°C 


Conditions 


| == GuaranteedLimits Limits 


VouT = 0.1V 
or Voc — 0.1V 
VIL Maximum Low Level is 5 0.8 0.8 0.8 
Input Voltage 1.5 0. ra ae 8 0. a 


Vout = 0.1V 
or Vcc — 0.1V 


oy | tour = —50 pA 


eae = Vit or Vin 
4.5 3.86 3.70 3.76 —24mA 
5. fs 4.86 4.70 4.76 OH —24mA 
0. al 0.1 0.1 0.1 

EF ie = Vit or Vin 
4.5 0.36 0.50 0.44 24mA 
5.5 re 36 he 50 —* 44 or 24 mA 
Maximum Input 
Leakage Current jes} | = Voc, GND 
Maximum TRI-STATE® Perry = Vi. Vin 
Current vo- Voc, GND 


Icc/Input 
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Maximum Low Level 
Output Voltage 





DC Characteristics for "ACT Family Devices (Continued) 


Parameter Ta = +25°C 55°C to + 125°C | —40°C to +85°C Conditions 


| typ | Guaranteed Limits 
tMinimum Dynamic ee ee ee ee mA_| Voup = 1.65V Max 


oo Current mA | Voup = 3.85V Min 


Maximum 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 
{+Maximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 285°C is identical to 74ACT @ 25°C. 


AC Electrical Characteristics 


: Ta = —55°C 
Parameter Bi Ta = = F256 to + 125°C 
ee = 50 pF 
| Min Typ Max | Typ 


Propagation Delay 70 

Dy, to Op 

Propagation Delay 3.0 6.0 10.0 1.0 120 | 25 11.0 
Dp to O7 

Propagation Delay 

LE to On 1.0 12.5 2.5 11.5 


Propagation Delay 

LE toO, 

Output Enable Time | 50 | 25 55 90 | 1.0 11.5 oe 
Output Enable Time ps0 {| go ss es | 19 0 | 20 96 


Output Disable Time 35 65 105 
Output Disable Time | 5.0 | 2.0 


*Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


74ACT 54ACT 74ACT 
Ta = —55°C 
Vcec* Ta = +25°C 3 
Parameter (V) C. = 50 pF to 2 125°C 
Guaranteed Minimum 


Setup Time, HIGH or LOW 

Hold Time, HIGH or LOW 

Dp to LE 

LePusewidthHiGH [ 50 | 20 | 30 | so | 30 | ns | 


*Voltage Range 5.0 is 5.0V +0.5V 
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Capacitance 


et Input Capacitance 


Power Dissipation F 
Capacitance p 
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Conditions 


Voc = 5.0V 


Voc = 5.0V 





National — 
Semiconductor 


54ACT/74ACT564 


Octal D Flip-Flop with TRI-STATE® Outputs 


General Description 

The 'ACT564 is a high-speed, low power octal flip-flop with 
a buffered common Clock (CP) and a buffered common 
Output Enable (OE). The information presented to the D 
inputs is stored in the flip-flops on the LOW-to-HIGH Clock 
(CP) transition. 

The ’ACT564 device is functionally identical to the ’ACT574, 
but with inverted outputs. 


Ordering Code: see sections 


Logic Symbols 


IEEE/IEC 


Do Dy Dz Ds Dy Ds Dg 07 


TL/F/9972-1 


Data Inputs 


Clock Pulse Input 
TRI-STATE Output Enable Input 
TRI-STATE Outputs 





Features 

m@ Inputs and outputs on opposite sides of package allow 
easy interface with microprocessors 

m@ Useful as input or output port for microprocessors 

@ Functionally identical to ’ACT574 but with inverted 
outputs 

@ TRI-STATE outputs for bus-oriented applications 

@ Outputs source/sink 24 mA 

m ’ACT564 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


oO non nur WP 


_ 
Oo 


TL/F/9972-3 


Pin Assignment 
for LCC 


Dg Ds Dy Ds Dy 
BOO 


Voc 


TL/F/9972-4 
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Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (Ij) 
V; = —0.5V 
= Voc + 0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (lox) 
Vo = —0.5V 
Vo = Vcc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Vcc or Ground Current 
per Output Pin (I¢c or I@np) +50 mA 
Storage Temperature (Tstq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20mA 
+20mA 


—0.5V to Voc + 0.5V 
—20mA 
+20 mA 

—0.5V to to Voc + 0.5V 


+50 mA 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
‘AC 


2.0V to 6.0V 
"ACT 4.5V to 5.5V 


Input Voltage (V}) OV to Vcc 
Output Voltage (Vo) OV to Vcc 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 
CDIP 175°C 
PDIP 140°C 


Input Rise and Fall Time (t,, t) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 
Voc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t;, t)) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 
VIN from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Voc @ 4.5V 10 ns/V 
Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


—40°C to + 85°C 
—55°C to + 125°C 


150 ns/V 
40 ns/V 
25 ns/V 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Symbol Parameter 


| Typ | 


Vec - Ta = 
(V) Ta= 28°C | _cscto + oa “ee 6 +85°C 


| = GuaranteedLimits =| Limits 


Conditions 


Vout = 0.1V 


ViH Minimum High Level 4.5 1.5 2.0 Vv Vout = 0.1V 
Input Voltage 5.5 1.5 2.0 or Voc — 0.1V 


VIL Maximum Low Level 
Input Voltage 


Vou Minimum High Level 
Output Voltage 


4.49 4.4 
5.49 5.4 


Maximum Low Level 
Output Voltage 





; 0.8 0.8 Vv 
a 8 0.8 


or Voc — 0.1V 


4.4 lout = —50 pA 
5.4 


"Vin = Vit or Vin 
45 3.86 3.70 3.76 —24mA 
5.5 4.86 4.70 4.76 OH —24 mA 
45 | 0.001{ 0.1 0.1 0.1 y | four = 50pnA 
5.5 | 0.001 | 0.1 0.1 0.1 

"Vin = Vicor Vin 
45 0.36 0.50 0.44 24 mA 

5.5 0.36 0.50 0.44 OL 24mA 
Maximum Input Vi 
+ 

Leakage Current Pe eae a 


= Voc, GND 


Vit» Vin 


Maximum TRI-STATE® Vi= 

Leakage Current Bin eee Vo = Veo, GND 
Maximum Vi = Voo — 2.1V 
Ioc/Input 


tMinimum Dynamic 
Output Current 


| mA | Vop = 1.65V Max 


Ico ee es eee Vou = 3.85V Min 





DC Characteristics for "ACT Family Devices (Continued) 


74ACT S4ACT 74ACT 


°C Ta = Ta = ; 
Parameter -— + 25°C seh see eee ae to +125°C | —40°C to +85°C Conditions 


| —ss—s~*«GuuaranteedLimits = Limits 


Maximum Quiescent 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 


AC Electrical Characteristics 


Parameter Diy hee Hes + Paeadly ce Sua 
; C_ = 50 pF 
| Min Typ Max | min Max | Min Max_| 
| MaximumCiock Frequency | 6.0 | 95 90 | es | 75 | Me | 
[Propagation Delay, CPt0T, | 60 | 20 65 105 | 1.0 126 | 15 115 | ns | 
Propsoaton ely CPieGn | go | 18 eo 9s | to ans } 48 108 | ne | 
1.8 90 | 10 105 | 15 95 | ns 
|Outputenabletime | 50 | 15 55 85 | 10 105 | 10 95 | ns | 
[OutputDisableTime | 50 | 15 70 05 | 4.0126 | 15 115 | ns | 2- 
| OutputDisabletime | 50 | 16 50 80 | 10 95 | 10 85 | ns | ae 


“Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


| ‘ Ta = +25°C 
a 


Setup Time, HIGH or LOW 
Dy, to CP 


Hold Time, HIGH or LOW 
Dp, to CP 


LE Pulse Width, 
HIGH or LOW 
*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


AC/ACT 
Parameter 


Input Capacitance Voc = §.0V 
Power Dissipation Capacitance | 50.0 | pF Voc = 5.0V 
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Semiconductor 


54ACT/74ACT573 


Octal Latch with TRI-STATE® Outputs 


General Description 


The 'ACT573 is a high-speed octal latch with buffered com- 
mon Latch Enable (LE) and buffered common Output En- 
able (OE) inputs. 

The *ACT573 is functionally identical to the 'ACT373 but has 
inputs and outputs on opposite sides. 


Ordering Code: see Sections 


Logic Symbols 


IEEE/IEC 


Dp Dy 02 Ds Dy Dg Dg 07 


0p 01 02 03 04 Os Og 07 


TL/F/9973-1 


Description 


Data Inputs 

Latch Enable Input 

TRI-STATE Output Enable Input 
TRI-STATE Latch Outputs 





Features , 

u Inputs and outputs on opposite sides of package allow- 
ing easy interface with microprocessors 

m Useful as input or output port for microprocessors 

m™ Functionally identical to ’ACT373 - 

@ TRI-STATE outputs for bus interfacing 

m Outputs source/sink 24 mA 

mg ’ACT573 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment ; 
for DIP, Flatpak and SOIC 


oo WOon Dma kt WN 


i=) 


TL/F/9973-3 


Pin Assignment 
for LCC 


BME EE 


14) (15) (te) (2) fe) 


TL/F/9973-4 
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Functional Description 


The ’ACT573 contains eight D-type latches with TRI-STATE 
output buffers. When the Latch Enable (LE) input is HIGH, 
data on the Dy inputs enters the latches. In this condition 
the latches are transparent, i.e., a latch output will change 
state each time its D input changes. When LE is LOW the 
latches store the information that was present on the D in- 
puts a setup time preceding the HIGH-to-LOW transition of 
LE. The TRI-STATE buffers are controlled by the Output 
Enable (OE) input. When OE is LOW, the buffers are en- 
abled. When OE is HIGH the buffers are in the high imped- 
ance mode but this does not interfere with entering new 
data into the latches. 


Logic Diagram 





4-245 


Truth Table 


| inputs | Outputs 


H = HIGH Voltage 

L = LOW Voltage 

Z = High Impedance 

X = Immaterial 

Oo = Previous Og before HIGH-to-LOW transition of Latch Enable 


TL/F/9973-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation detays. 
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Absolute Maximum Rating (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (Ij) 
Vv; = —0.5V 
Vi = Voc + 0.5V 
DC Input Voltage (Vj) 
DC Output Diode Current (iox) 
Vo = —0.5V 
Vo = Voc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Vcc or Ground Current 
per Output Pin (Ic or Iqnp) +50 mA 
Storage Temperature (TsTg) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 

’ temperature, and output/input loading variables. National does not recom- 
mend operation of FACTT circuits outside databook specifications. 


—20 mA 
+20 mA 


—0.5V to Voc + 0.5V 
—20mA 
+20 mA 

—0.5V to to Vog + 0.5V 


+50mA 


Recommended Operating 
Conditions 
Supply Voltage (Vcc) 

"AC 


2.0V to 6.0V 
4.5V to 5.5V 


OV to. Vcc 
OV to Vcc 


"ACT 
Input Voltage (V)) 
Output Voltage (Vo) 
Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (T) 
CDIP 
PDIP 


Input Rise and Fall Time (t,, t) 
(Note 2) (Typical) 
(Except Schmitt Inputs) AC Devices 
Vin from 30% to 70% of Voc 
Voc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (ty, t) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 
VIN from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Voc @ 4.5V 10 ns/V 
Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


—40°C to + 85°C 
—§5°C to + 125°C 


176°C 
140°C 


150 ns/V 
40 ns/V 
25 ns/V 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Vcc 
(V) 


Symbol Parameter 


| Typ | 
Vin 


ViL 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 





Ta = Ta = 
Ta = +25°C a to +125°C | —40°C to +85°C 


Conditions 


| == GuaranteedLimits = Limits 


Minimum High Level 4.5 Vv 
Input Voltage 5.5 

Maximum Low Level 4.5 0.8 0.8 0.8 

Input Voltage 5.5 0.8 0.8 0.8 


0.001) 0.1 0.1 
0.001 | 0.1 0.1 
4.5 0.36 0.50 0.44 
5.5 0.36 0.50 0.44 
Maximum Input +0.1 

sees Current 

Current 
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Vout = 0.1V 
or Voc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


lout = —50 pA 


"Vin = Vit or Vin 
—24mA 


—24mA 
50 pA 


IOH 


| y [tom 


Ea be = Vitor Vin 
| 24mA 
OL 24 mA 


ze = Vin Vin 





DC Characteristics for "ACT Family Devices (continued) 


74ACT 54ACT 74ACT 


Vec Ta= 
Parenter (V) ee ee iee) Sc to +1286 | —a0°C to +45°C condisions 


typ | | GuaranteedLimits = Limits 


Maximum Vi = Voc — 2.1V 
Ioc/Input 


Minimum Dynamic | ma | Votp = 1.65V Max 
Output Current mA | Voup = 3.88V Min 


Maximum ee 
Supply Current 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 


AC Electrical Characteristics 


as Ta = -55°C Ta = —40°C 
Parameter io Ta - Taee to + 125°C to +85°C 
a 50 pF i ne 


Propagation Delay 6.0 

Dmto On 

Propagation Delay 25 6.0 10.5 1.0 13.5 
Dn to On ; ; ; ; 
Propagation Delay 

LE to Op 3.0 6.0 10.5 1.0 13.0 
Propagation Delay 

LE to Op, 


ee ee eee a ee 
FoutputDisableTine | 50 | 26 68 ro | 10 198 | 18 125 | ne | 
Foutputbisebiotime | so [15 50 es | 10 105 | 10 08 | ro | 


*Voltage Range 5.0 is 5.0V +0.5V 
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AC Operating Requirements 


74ACT 54ACT 74ACT 
5 Ta = —55°C 
Parameter oa, oe ne He os to + 125°C 
er ee C. = 50 pF 
| Typ | Guaranteed Minimum 


Setup Time, HIGH or LOW 
Dr to LE 
Hold Time, HIGH or LOW 
Dr to LE 


| LePusewidtn,HiGH | 50 | 20 | 35 | 50 | 


*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


| Input Capacitance —_| Capacitance | Veg = 5.0V = 5.0V 


Power Dissipation Voc = 5.0V 
Capacitance 
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54AC/74AC574 ¢ 54ACT/74ACT574 
Octal D-Type Flip-Flop with TRI-STATE® Outputs 


General Description 


The ’AC/’ACT574 is a high-speed, low power octal flip-flop 
with a buffered common Clock (CP) and a buffered common 
Output Enable (OE). The information presented to the D 
inputs is stored in the flip-flops on the LOW-to-HIGH Clock 
(CP) transition. 

The *AC/’ACT574 is functionally identical to the '’AC/ 
*ACT374 except for the pinouts. 


Ordering Code: see Section 5 


Logic Symbols 


Pin Assignment 
for DIP, Flatpak and SOIC 


Dp Dy Dy Ds D4 Dg 0g D7 


05 0, 0 Oz O, 0. Og 07 


TL/F/9910-1 

IEEE/IEC 
OE 
cP 


oon oon, Ww NY 


Do 
Dy 
Dy 


EN 

> Ci 
10 
Be ol 
Seen 
ae 
Gane 
ae 
ee 
ae 


TL/F/9910-4 


Data Inputs 

Clock Pulse Input 

TRI-STATE Output Enable Input 
TRI-STATE Outputs 





a bs 1 Pe 


Features 

@ Inputs and outputs on opposite sides of package 
allowing easy interface with microprocessors 

m Useful as input or output port for microprocessors 

@ Functionally identical to "AC/’ACT374 

m TRI-STATE outputs for bus-oriented applications 

@ Outputs source/sink 24 mA 

mw ’ACT574 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment 
for LCC 


Dg Os Dy Ds D2 
EN ea ES 
i ht et et be 





1) fe 1 
Os 04 Os 02 0, 


TLir/ssl0-s 


TL/F/9910-2 
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Functional Description 


The ‘AC/’ACT574 consists of eight edge-triggered flip-flops 
with individual D-type inputs and TRI-STATE true outputs. 
The buffered clock and buffered Output Enable are com- 
mon to all flip-flops. The eight flip-flops will store the state of 
their individual D inputs that meet the setup and hold time 
requirements on the LOW-to-HIGH Clock (CP) transition. 
With the Output Enable (OE) LOW, the contents of the eight 
flip-flops are available at the outputs. When OE is HIGH, the 
outputs go to the high impedance state. Operation of the 
OE input does not affect the state of the flip-flops. 


Logic Diagram 
Do 


ae ee | Pe 
Q Q 


\/ 
| ¢ 


02 





| 

ae ee 
\ / \/ 
Ki 


03 


Function Table 


Hold 
Hold 
Load 
Load 
Data Available 
Data Available 
No Change in Data 
No Change in Data 
HIGH Voltage Level 
LOW Voltage Level 
tmmaterial : 
Z = High Impedance 


/ = LOW-to-HIGH Transition 
NC = No Change 


e 

ae | ee | ae 
Q 
J 


a 
Y WW 
y [8 [8 
0 


4 05 


TL/F/9910-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (Ij) 

Vi = —0.5V 

= Vcc +0.5V 

DC Input Voltage (V)) 
DC Output Diode Current (Iox) 

Vo = —0.5V 

Vo = Vcc +0.5V 
DC Output Voltage (Vo) 
DC Output Source or Sink Current (Io) 


DC Vcc or Ground Current 
Per Output Pin (Icc or Ienp) +50 mA 


Storage Temperature (Tstq) — 65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20mA 
+20 mA 


—0.5V to Voc + 0.5V 


—20mA 
+20 mA 
—0.5V to Vcc +0.5V 
+50 mA 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
(Unless Otherwise Specified) (AC) 
(ACT) 


2.0V to 6.0V 
4.5V to 5.5V 


OV toVcc 
OV toVcc 


Input Voltage (V)) 
Output Voltage (Vo) 
Operating Temperature (Ta) 


74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 


CDIP 
PDIP 


Input Rise and Fall Time (t,, tp) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 
Voc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 
Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 


— 40°C to +85°C 
— 55°C to + 125°C 


176°C 
140°C 


150 ns/V 
40 ns/V 
25ns/V 


Vin from 0.8V to 2.0V, 
Vmeas from 0.8V to 2.0V 
Voc @ 4.5V 

Vcc @ 5.5V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 


typical input rise and fall times noted here. 


DC Characteristics for AC Family Devices 


Symbol 


Vin 


VIL 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 


Maximum Input 
Leakage Current 


Vec 
(V) 


3.0 
4.5 
5.5 


3.0 
4.5 
5.5 


3.0 


vaac | sang | 74 
Aieee Ta= Ta= 
Li Seis —55°C to + 125°C | —40°C to + 85°C 
tre | Guaranteed Limits 

2.1 2.1 

eh 3.15 3.15 
2.75 3.85 3.85 
1.5 0.9 0.9 

2.25 1.35 1.35 

2.75 1.65 1.65 


2.99 ; 2.9 2.9 
4.49 : 4.4 4.4 
5.49 . 5.4 5.4 


2.4 2.46 
3.7 3.76 
4.7 4.76 


0.1 0.1 
0.1 0.1 
0.1 0.1 


0.4 0.37 
. ; 0.37 


0.37 
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Conditions 


VouT = 0.1V 
or Vcc — 0.1V 


VouT = 0.1V 
or Vcc — 0.1V 


louT = —50 pA 


"Vin = Vitor Vin 
—12mA 
IOH —24mA 
—24mA 


louT = 50 pA 


"Vin = Vit or Vin 
12mA 
lot 24mA 
24mA 


Vi = Voc, GND 





pls 


574 


DC Characteristics for ’AC Family Devices (Continued) 


74AC = SA 74aC 


Voc 26 
Parameter (V) Beare had jesee ee es 4 orn Conditions 


Guaranteed Limits 
. Maximum TRI-STATE ‘ (OE) = Vit, ViH 
Leakage Current : : : Vi = Voc; Vanp 
Vo = Voc, GND 
tMinimum Dynamic 
Output Current 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 20 ms, one output loaded at a time. 


Note: li and Ico @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
Ioc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Vcc = 25°C Ta = Ta = , 
Symbol Parameter (v) OL. WEEN IS. Bee BE, to +125°C | —40°C to +85°C Conditions 


| = GuaranteedLimits si Limits 
Vin Minimum High Level 4.5 — 2.0 Vv Vout = 0.1V 
Input Voltage 5.5 1.5 2.0 or Voc — 0.1V 
VIL Maximum Low Level 4.5 0.8 0.8 Vout = 0.1V 
Input Voltage rae 5 0. ae al a 8 or Vcc — 0.1V 


Minimum High Level 4. Ea fy [to = —50pA 
Ea 49 


Ba be = Vit or ViH 
45 3.86 3.70 3.76 IOH —24mA 
ras 4.86 4.70 4.76 —24mA 
Maximum Low Level al 001 0.1 0.1 | y [eer = 50 pA 
Output Voltage al 001 0.1 0.1 
EX) = Vit or Viq 
4.5 0.32 0.4 0.37 lo 24mA 
5.5 0.32 0.4 0. ae 24mA 
lin Maximum Input | aw |™ = Voc, GND 
Leakage Current 
loz Maximum TRI-STATE a Vit» VIH 
Leakage Current aye Hane Vo = Veo, GND 


Icor__| Maximum too/input antes Teno | —[ ae te Po Vi = Voo = 2.1V 


lop TMinimum Dynamic 32} Voip = 1.1V 
loup Output Current Voup = 3.85V 


lec Maximum Quiescent Vin = Voc 
Supply Current or GND 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


74AC | saac | 74a 
Parameter 


ren Ta = —55°C Ta = —40°C 
i _ bia to +125°C to +85°C 
bene Ss a = 50 pF Set 50 pF 


Min | Min Typ Max | 

Maximum Clock 112 

Frequency 153 

Propagation Delay 13. a 16.5 15.0 

CP to O7 6 a 9.5 o 11.5 ne 11.0 

Propagation Delay 3.5 7.5 12.0 1.0 15.0 

CP to On 2.0 5.5 8.5 1.0 10.5 

Output Enable Time 2.5 7.0 11.0 1.0 13.0 2.5 ee . 
2.0 5.0 8.5 1.0 9.5 2.0 

Output Enable Time 3.0 6.5 10.5 1.0 12.5 3.5 : 1 A 
1.5 5.0 8.0 1.0 9.5 2.0 

Output Disable Time 4.0 75 12.0 1.0 14.0 4.5 13.0 
2.0 6.0 9.5 1.0 11.0 2.0 10.5 


Output Disable Time 2.0 5.5 9.0 1.0 10.5 2.5 10.0 

1.5 4.5 7.5 1.0 9.0 1.5 8.5 
*Voltage Range 3.3 is 3.3V + 0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements: see Section 2 for Waveforms 


vaac_ | BARC | 74AC 
Parameter 


Ta = +25°C Tae 
pega to +125°C 
ami 4 C. = 50 pF 


se Guaranteed Minimum 


Hold Time, HIGH or LOW 1.5 1.5 
Dp, to CP 1.5 1.5 
CP Pulse Width 6.0 7.5 7.0 
HIGH or LOW 4.0 5.5 5.0 
*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


74ACT 54ACT 7T4ACT 
Vcc* 
Parameter 
(V) 


_ < Ta = —55°C Ta = —40°C 
ee to + 125°C to +85°C 
bane CL = 50pF C. = 50 pF 


Typ Max | Min Max_| 
Maximum Clock Frequency a 


_ | Propagation Delay 
CP toO, 
Propagation Delay _ 
20. Oe INT” Le 12.5 15 11.0 
feo 6a os | 10 110 


| OutputenableTime | 6.0 | 20 64 96 | 15 10.0 | ns _| 
| OutputenabieTime | 60 | 20 60 90 | 10 110 | 15 100 | ns _ 
| OutputDisableTime ___|_5.0_ | 20 tos | 10 20 | 15 118 | ns | 
oseu Duets [60 [20 ae as | vo 100 | 16 on [1 


*Voltage Range 5. O is 5.0V +0.5V 


AC Operating neguirement®: See Section 2 for Waveforms 


74ACT 54ACT 74ACT 
Vcc* 
Parameter 
(V) 


Ta = —55°C Ta = —40°C 
to + 125°C to +85°C 
C, = 50 pF C_ = 50 pF 


| typ | Guaranteed Minimum 


Set-Up Time, HIGH or LOW 15 
D, to CP : 


Hold Time, HIGH or LOW 
Dn to CP 
CP Pulse Width 
HIGH or LOW 
*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


Cn | Input Capacitance | pF | Voo = 5.0V | = 5.0V 
| cpp | Power Dissipation Capacitance ee Voc = 5.0V 
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54AC/74AC646 ¢ 54ACT/74ACT646 
Octal Transceiver/Register with TRI-STATE® Outputs 


General Description 


The ’AC/'ACT646 consist of registered bus transceiver cir- 
cuits, with outputs, D-type flip-flops and control circuitry pro- 
viding multiplexed transmission of data directly from the in- 
put bus or from the internal storage registers. Data on the A 
or B bus will be loaded into the respective registers on the 
LOW-to-HIGH transition of the appropriate clock pin (CPAB 
or CPBA). The four fundamental data handling functions 
available are illustrated in Figures 1-4. 


Ordering Code: see Section 5 
Logic Symbols 


cpagho At Az Az Ag As Ag Az 


By By By By By Bg Bg By 


TL/F/10132-1 


Description 


Ago-A7 Data Register A Inputs 
Data Register A Outputs 
Data Register B Inputs 
Data Register B Outputs 
CPAB, CPBA | Clock Pulse Inputs 

SAB, SBA Transmit/Receive Inputs 
G Output Enable Input 

DIR Direction Control Input 


Bo-B7 





IEEE/IEC 


Features 

m@ Independent registers for A and B buses 

@ Multiplexed real-time and stored data transfers 
@ TRI-STATE outputs 

& 300 mil slim dual-in-line package 

= Outputs source/sink 24 mA 

m 'ACT646 has TTL compatible inputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


oon OMe wh 


TL/F/10132-3 


Pin Assignment 
for LCC and PCC 


TL/F/10132-2 G9 60) (8) (6) (2) (6) (5) 


BDEHAE rae 
By Bz By NC By By G 


TL/F/10132-4 
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Real Time Transfer Real Time Transfer Storage from Transfer from 
A-Bus to B-Bus B-Bus to A-Bus Bus to Register Register to Bus 
—___—_> <—_—__> 

A=Bus A~Bus A~Bus A~Bus ; 
x 
=) Gl |= Ls 
Zz 
B=Bus B-Bus es B~Bus 
> 
TL/F/10132-9 TL/F/10132-10 
TL/F/10132-7 TL/F/10132-8 
FIGURE 1 FIGURE 2 FIGURES FIGURES 
Function Table 











| Inputs | Data t/0" 
DIR CPAB CPBA SAB SBA| Ao-Az|Bo-B7| 


a rw | 
pee 


*The data output functions may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always enabled; i.e., data at the bus 
pins will be stored on every LOW-to-HIGH transition of the appropriate clock inputs. 


H = HIGH Voltage Level X = Immaterial 
L = LOW Voltage Level _/“_ = LOW-to-HIGH Transition 


Logic Diagram 







Isolation 
Clock Ap Data into A Register 
Clock B, Data into B Register 


An to Bp—Real Time (Transparent Mode) 
Clock A, Data into A Register 

A Register to B, (Stored Mode) 

Clock A, Data into A Register and Output to By, 


Bn to Ap—Real Time (Transparent Mode) 
Clock B, Data into B Register 

B Register to A, (Stored Mode) 
Clock B, Data into B Register and Output to Ap 

























G 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 


Iter erl KKK KI KK 


L 





oi 





Bg 


TO 7 OTHER CHANNELS TL/F/10132-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


4-256 


Absolute Maximum Rating (note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to + 7.0V 
DC Input Diode Current (Ij) 
Vv) = —0.5V —20 mA 
Vi = Voc + 0.5V +20 mA 


DC Input Voltage (V)) 
DC Output Diode Current (ic) 


—0.5V to Voc + 0.5V 


Vo = —0.5V —20mA 

Vo = Vcc + 0.5V +20 mA 
DC Output Voltage (Vo) —0.5V to to Voc + 0.5V 
DC Output Source 

or Sink Current (Io) +50 mA 
DC Vcc or Ground Current 

per Output Pin (loc or Iqnp) +50 mA 


Storage Temperature (Tstq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
‘AC 


2.0V to 6.0V 

"ACT 4.5V to 5.5V 
Input Voltage (Vj) OV to Vcc 
Output Voltage (Vo) OV to Vcc 
Operating Temperature (Ta) 

74AC/ACT —40°C to +85°C 

54AC/ACT — 55°C to + 125°C 
Junction Temperature (Ty) 

CDIP 175°C 

PDIP 140°C 
Input Rise and Fail Time (t,, t,) 

(Note 2) (Typical) 

(Except Schmitt Inputs) ‘AC Devices 

Vin from 30% to 70% of Voc 

Voc @ 3.0V 150 ns/V 

Vcc @ 4.5V 40 ns/V 

Voc @ 5.5V 25 ns/V 
Input Rise and Fall Time (t,, t,) 

(Note 2) (Typical) 

(Except Schmitt Inputs) "ACT Devices 

Vin from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Voc @ 4.5V 10 ns/V 

Vcc @ 5.5V 8 ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


DC Characteristics for "AC Family Devices 











vac | sac | 74AC 
Symbol Parameter Vec Ta = +25°C Ta = Ta = Units Conditions 
(V) —55°C to + 125°C | —40°C to + 85°C 
Guaranteed Limits 
VIH Minimum High Level 1.5 2.1 VouT = 0.1V 
Input Voltage 2.25 3.15 3.15 3.15 or Vcc — 0.1V 
2.75 3.85 3.85 3.85 
VIL Maximum Low Level 1.5 0.9 Vout = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 V or Vcc — 0.1V 
5.5 | 2.75 1.65 1.65 1.65 
VoH Minimum High Level | 3.0 2.99 2.9 2.9 2.9 lout = —50 pA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 V 
5.49 5.4 5.4 5.4 
*Vin = Vit Or Vin 
2.56 2.4 2.46 —12mA 
3.86 3.7 3.76 V lou —24mA 
4.86 4.76 —24mA 
VoL Maximum Low Level 0.002 0.1 louT = 50 pA 
Output Voltage 4.5 | 0.001 0.1 V 
5.5 | 0.001 0.1 
*Vin = Vit or Vin 
3.0 0.36 0.44 12 mA 
: : 0.36 0.44 V lo 24mA 
0.36 0.44 24mA 
IIN = Voc, GND 


Maximum Input 
Leakage Current 
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DC Characteristics for ’AC ae Devices (Continued) 


a ee 
Parameter (V) | Ta = +286 | = +25°C Sone roe £1250 Sak to eee Conditions 


Guaranteed Limits 


Maximum TRI-STATE® V) (OE) = Vit. Vin 
Current +10.0 Vi = Voc; Vanp 
Vo = Vcc, GND 


ina Bani |} a Vous = 1.85V Max 


Maximum Quiescent 

Supply Current 

Maximum I/O V (OE) = Vit, Vin 

Leakage Current 11.0 pA | Vi = Voc, GND 
Vo = Vcc, GND 


*All outputs loaded; thresholds on input associated with output under test. 

+Maximum test duration 2.0 ms, one output loaded at a time. 

Note: Ij, and Ic¢c @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vcc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 
Vcc 7 e Ta = Ta = a 
Symbol Parameter (V) Ta = +25°C | _ 55°C to + 125°C | —40°C to + 85°C Conditions 


Guaranteed Limits 


VIH Minimum High Level 45 1.5 2.0 V Vout = 0.1V 
Input Voltage 5.5 1.5 2.0 or Vcc — 0.1V 


VIL Maximum Low Level 4.5 1.5 0.8 0.8 0.8 Vout = 0.1V 
Input Voltage rie 5 1.5 re 8 Te 8 ae 8 orVcc — 0.1V 


Minimum High Level 4. Ea | oy [tour = —50pA 
Output Voltage 5. Ea 


ise = Vit or Vin 
4.5 3.86 3.70 3.76 —24mA 
5.5 4.86 4.70 a —24mA 
Maximum Low Level 4.5 | 0.001 0.1 0.1 | y flours = 50 pA 
Output Voltage 5.5 | 0.001 0.1 0.1 

as = Vi_ or Pi 
4.5 0.36 0.50 0.44 4mA 
5.5 0.36 0.50 0.44 34 mA 
Maximum Input Fa + + Vi = Voc, GND 
Leakage Current ee a es aa 
Maximum TRI-STATE® +10.0 = Vit ViH 
Leakage Current vo = Voc, GND 
Maximum = Veco — 2.1V 
loc/Input 


Minimum Dynamic ar vee = 1.65V Max 
Output Current fn | mA | Voup = 3.85V Min 


Maximum Quiescent Vin = Voc 

Supply Current or GND 

Maximum 1/O "4 (OE) = Vit, Vin 

Leakage Current +£11.0 pA = Vcc, GND 
ve Vcc, GND 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics 


74AC | sac | 74AC 
Symbol Parameter Vec" 
(V) 


Ta = +250 ora 
CL = 50 pF 





an aes = 50 pF 
Min | Min Typ Max | 


tpLy Propagation Delay 4.0 10.5 16.5 1 tees 20.0 3.0 18.5 
Clock to Bus 2.5 7.5 12.0 1.0 14.0 2.0 13.0 

tpHL Propagation Delay 9.5 14.5 1.0 17.5 2.5 16.0 
Clock to Bus 6.5 10.5 1.0 12.0 1.5 11.5 

tpLH Propagation Delay 75 12.0 1.0 15.0 = ; - . 
Bus to Bus 5.0 8.0 1.0 10.0 

tpHL Propagation Delay 7.5 12.5 1.0 14.5 5 13.5 
Bus to Bus 5.0 9.0 1.0 9.5 ie 9.5 

teLH Propagation Delay 3.3 8.5 13.5 


SBA or SAB to Ap, or By 3 ‘ 6.0 10.0 
(W/ Ap or Bh HIGH or LOW) 


tpHL Propagation Delay ‘ 8.5 13.5 
SBA or SAB to Ay or By : 6.0 10.0 
(w/ A, or Bh HIGH or LOW) 


tpzH Enable Time if : 11.5 1.0 13.0 2.0 i - 
Gto A, or By 8.5 1.0 9.5 1.5 
tpzL Enable Time 3.3 2.5 7.5 12.5 1.0 15.5 2.0 14.0 
G to Ap or Bn 5.0 1.5 5.5 9.0 1.0 11.0 1.5 10.0 
tpHz Disable Time 3.0 8.0 12.5 1.0 14.0 2.5 13.5 
G to Ap, or Br 2.0 6.5 10.0 1.0 11.5 2.0 11.0 
tpLz Disable Time 2.0 7.5 12.0 1.0 13.5 13.5 
G to Ap or Br 1.5 6.0 9.5 1.0 11.0 10.5 
tpzH Enable Time 2.0 6.5 11.0 1.0 14.5 ie . 
DIR to Ap, or By 1.5 5.0 7.5 1.0 10.5 
tort: Enable Time 3.3 2.5 7.0 11.5 1.0 16.0 2.0 13.0 
DIR to A, or Bh 5.0 1.5 5.0 8.0 1.0 12.5 1.0 9.0 
Disable Time aes ba 11.5 1.0 14.5 1.5 
DIR to Ap or By 9.5 1.0 12.0 
Disable Time 3.3 12.0 1.0 16.5 
DIR to A, or By 5.0 . : 9.5 1.0 12.0 


“Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 
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AC Operating Requirements 


74AC | s4ac | 74AC 
Vcc" 
Parameter 
(V) 


; Ta = —55°C | Ta = —40°C 
"s =r to+18e | to +a8C 
ee ene =50pF | C,=50pF 


| Typ | eae Minimum 
Setup Time, HIGH or LOW 5.0 6.0 
Bus to Clock 4.0 4.5 
Hold Time, HIGH or LOW —1.5 
Bus to Clock -0.5 
Clock Pulse Width 
HIGH or LOW 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


Symbol 
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AC Electrical Characteristics 


74ACT 54ACT 74ACT 
Symbol Parameter Voc" 
(V) 


tPLH 


tPHL 


tPLH 


tPHL 


tPLH 





Ta = —55°C Ta = —40°C 
to + 125°C to +85°C 
Pa eed 50 pF a ae 50 pF 


Ta = +25°C 
Cz, = 50 





Propagation Delay 12.0 

Clock to Bus 

Propagation Delay 

Clock to Bus 

Propagation Delay 2 

Bus to Bus ae = = 

Propagation Delay 

Bus to Bus 

Propagation Delay 
SBA or SAB to A, to By 
(w/Ap or By 
HIGH or LOW) 


Propagation Delay 
SBA or SAB to A, to By 
(w/Ap or By 

HIGH or LOW) 


Enable Time 
Gto A, or Br 
Enable Time 
G to A, or By 


Disable Time 
G to A, or By 
Disable Time 
G to Ap or By 
Enable Time 

5.0 5.5 6.5 10.5 1.5 11.5 
DIR to Ap or By fof ee [Poe 
Enable Time 
DIR to Ap, or Bh 
Disable Time 
DIR to Ap or Br 
Disable Time 

: ; ; 3.0 13.5 


*Voltage Range 5.0 is 5.0V +0.5V 
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AC Operating Requirements 


Ta = —55°C Ta = —40°C 
Parameter _ < + 125°C to +85°C 
= 50 pF CL = 50 pF 
=n ca io 
Setup Time, HIGH or LOW 
BUS to Clock 
Hold Time, HIGH or LOW 
Bus to Clock 
Clock Pulse Width 
HIGH or LOW 


*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


Input Capacitance a ro Voc = 5.0V 
Input/Output Capacitance | Veg = 5.0V | = 5.0V 


Power Dissipation Voc = 5.0V 
Capacitance 
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54AC/74AC648 
Octal Transceiver/Register with TRI-STATE® Outputs 


General Description Features 


The 'AC648 consists of registered bus transceiver circuits, | ™ Independent registers for A and B buses 

with outputs, D-type flip-flops and control circuitry providing © Multiplexed real-time and stored data transfers 
multiplexed transmission of data directly from the input bus TRI-STATE outputs 

or from the internal storage registers. Data on the A or Bg 300 mil slim dual-in-line package 

bus will be loaded into the respective registers on the LOW- Outputs source/sink 24 mA 

to-HIGH transition of the appropriate clock pin (CPAB or 
CPBA). The four fundamental data handling functions avail- 
able are illustrated in Figures 7 thru 4 (See Page 2). 


@ Inverted data to output 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


IEEE/IEC Pin Assignment 
for DIP, Flatpak and SOIC 


TL/F/10133-1 


1 

2 
3 
4 
5 
6 
7 
8 


TL/F/10133-3 


Pin Assignment 
for LCC and PCC 
Ag Ay Ay NC Ay Ay Ay 
AHOOOae 

EB a Ban 8 


Data Register A Inputs, 

Data Register A TRI-STATE Outputs 

Data Register B Inputs, TuEAGIER aE 

Data Register B TRI-STATE Outputs B, By By NC EF By & 
CPAB, CPBA Clock Pulse Inputs TL/F/10133—4 
SAB, SBA Transmit/Receive Inputs 
DIR, G Output Enable Inputs 
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Function Table 


Inputs 
CPBA 
HorL 


DIR CPAB 


HorL 
Sf” 


SAB 


mHroereelrerorel|rTrzyial 
coer OS aes eK 
x «KK KID oe kK KK XK 


SBA | Ao~Ay | BorBy | 


rrtererly KK KK | KK XK 


Function 


Isolation 
Clock A, Data into A Register 
Clock B, Data into B Register 


An to Ba—Real Time (Transparent Mode) 
Clock A, Data into A Register 

A Register to B, (Stored Mode) 

Clock A, Data into A Register and Output to B, 


Bp, to An—Real Time (Transparent Mode) 
Clock B, Data into B Register 

B Register to A, (Stored Mode) 

Clock B,, Data into B Register and Output to Ap, 


*The data output functions may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always enabled; i.e., data at the bus 
pins will be stored on every LOW-to-HIGH transition of the clock inputs. 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Irrelevant 

~ = LOW-to-HIGH Transition 


Real Time Transfer 
A-Bus to B-Bus 


A=BUS 


B=BUS 


FIGURE 1 


Storage from 
Bus to Register 


A=BUS 


B=BUS 


FIGURE 3 


TL/F/10133-7 


TL/F/10133-9 
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Real Time Transfer 
B-Bus to A-Bus 


A=BUS 


TL/F/10133-8 
FIGURE 2 


Transfer from 
Register to Bus 


A=BUS 

Dae] « 
x 

B=BUS 


TL/F/10133-10 
FIGURE 4 





8h9 


Logic Diagram 


1 OF 8 CHANNELS 


egeoeewewewewrwroeeaeaeee2e2a ae & 


TO 7 OTHER CHANNELS 
TL/F/10133-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (jx) 
V, = —0.5V —20 mA 
Vi = Voc + 0.5V +20mA 


DC Input Voltage (V)) 
DC Output Diode Current (lox) 


Vo = —0.5V —20mA 

Vo = Voc + 0.5V +20 mA 
DC Output Voltage (Vo) —0.5V to to Voc + 0.5V 
DC Output Source 

or Sink Current (Io) +50 mA 
DC Vcc or Ground Current 

per Output Pin (Icc or Iqnp) +50mA 


Storage Temperature (Tstg) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 


exception, to ensure that the system design is reliable over its power supply, - 


temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—0.5V to Voc + 0.5V | 





Recommended Operating 
Conditions 
Supply Voltage (Vcc) 

"AC 


2.0V to 6.0V 
"ACT 4.5V to 5.5V 
Input Voltage (V)) OV toVcc 
Output Voltage (Vo) OV to Vcc 
Operating Temperature (Ta) 
74AC/ACT —40°C to +85°C 
54AC/ACT — 55°C to + 125°C 
Junction Temperature (Ty) 
CDIP 175°C 
PDIP 140°C 


Input Rise and Fall Time (t,, t)) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 


Vcc @ 3.0V 150 ns/V 

Vcc @ 4.5V 40 ns/V 

Vcc @ 5.5V 25 ns/V 
Input Rise and Fall Time (t,, t9) 

(Note 2) (Typical) 

(Except Schmitt Inputs) "ACT Devices 

Vin from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Vcc @ 4.5V 10 ns/V 

Vcc @ 5.5V 8 ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


DC Characteristics for "AC Family Devices 








mac | s4ac_ || 74AC 
Symbol Parameter Vec | +, = +25°C A” Ta = Conditions 
(V) —55°C to + 125°C | —40°C to + 85°C 
Typ Guaranteed Limits 
Vin Minimum High Level | 3.0 1.5 2.1 2.1 Vout = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 Vv or Voc — 0.1V 
5.5 2.75 | 3.85 3.85 
VIL Maximum Low Level | 3.0 1.5 0.9 0.9 Vout = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 Vv or Voc — 0.1V 
5.5 2.75 1.65 1.65 
VoH Minimum High Level | 3.0 2.99 2.9 2.9 2.9 lout = —50 pA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 
6.5 5.49 5.4 5.4 


5.4 
2.56 
3.86 
4.86 
0.002 0.1 


0.001 0.1 
0.001 0.1 


VoL Maximum Low Level 
Output Voltage 





3.0 0.36 
4.5 0.36 
5.5 0.36 


Maximum Input 
Leakage Current 


0.1 0.1 
0.1 0.1 
0.1 0.1 


Pe |e 


"Vin = Vitor Vin 
2.4 2.46 —-12mA 
3.7 3.76 loH —24mA 
4.7 4.76 —-24mA 

lout = 50 pA 


*Vin = Vit or Vin 


0.50 0.44 12mA 
0.50 0.44 lo. 24mA 
0.50 0.44 24mA 


Vi = Voc, GND 


pA 





DC Characteristics for "AC Family Devices (Continued) 


vac | aac | 7AAC 
Vcc Ta= Ta = : 
=+ 
Parameter (V) Ta 25°C 55°C to + 125°C | —40°C to +85°C Conditions 
Guaranteed Limits 


{Minimum Dynamic | 5.5 | Voip = 1.65V Max 
Output Current | 5.5 | Voup = 3.85V Min 
Maximum Quiescent 
Supply Current 


Maximum I/O 
Leakage Current 


V, (OE) = Vit, Vin 
Vo = Vcc, GND 


< 
no) 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 


Note: fi, and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 


AC Electrical Characteristics 


- 


tpLH Propagation Delay ; 
Clock to Bus : 
tPHL Propagation Delay 
Clock to Bus 


* 


=o 
So 


tpLH Propagation Delay : 
Bus to Bus . 
tPHL Propagation Delay 
Bus to Bus 
lPLH Fropagalion Delay 


SBA or SAB to Ap or By 
(with A, or By, HIGH or LOW) 


tPHL Propagation Delay 
SBA or SAB to Ap or By 
(with A, or Bh HIGH or LOW) 


tpzH Enable Time 
G to Ay or By 
tpz- Enable Time 
G to Ap or By 
tpHz Disable Time 
G to Ap or By 
tpLz Disable Time 
G to A, or Bh 
tpZH Enable Time 
DIR to Ap, or By 
tpzL Enable Time 
DIR to Ap, or By 
tpHz Disable Time 
DIR to A, or Bn 
tpLz Disable Time 
DIR to Ap or Bh 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


a 


wo)awo)lao om wo 
OwWl/Ow]oOw ow 


ae 
Ow 
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AC Operating Requirements 


74AC | sac | 74aC 
Parameter 


Ta = —55°C Ta = —40°C 


to + 125°C to +85°C 
CL=50pF | C.=50pF 


| Typ | Guaranteed Minimum 
Setup Time, HIGH or LOW, 2.0 3.0 
Bus to Clock 1.5 2.0 
Hold Time, HIGH or LOW, —1.5 
Bus to Clock —0.5 1 7 
Clock Pulse Width 
HIGH or LOW 


*Voltage Range 3.3 is 3.3V +0.3V 
Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


| Input Capacitance = sid Capacitance Voc = 5.0V 
Power Dissipation Capacitance fee eee |e Voc = 5.0V 
Input/Output Capacitance | so | Lc = 0 
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54ACT/74ACT657 


ADVANCE INFORMATION 


Octal Bidirectional Transceiver with 8-Bit Parity 
Generator/Checker and TRI-STATE® Outputs 


General Description 


The ’ACT657 contains eight noninverting buffers with TRI- 
STATE outputs and an 8-bit parity generator/checker, and 
is intended for bus-oriented applications. The Transmit/Re- 
ceive (T/R) input determines the direction of the data flow 
through the bidirectional transceivers. Transmit (active- 
HIGH) enables data from A ports to B ports; Receive (ac- 
tive-LOW) enables data from B ports to A ports. The Output 
Enable input disables both the A and B ports by placing 
them in a High Z condition. 


Logic Symbols 


IEEE/IEC 


Bo By By Bs By Bs Bg By PARITY 


TL/F/10134-1 


Ao-A7 Data Inputs 

Data Outputs 

Data Inputs 

Data Outputs 

T/R Transmit/Receive Input 
OE Enable Input 

PARITY Parity Input/Output 
ODD/EVEN | ODD/EVEN Parity Input 
ERROR Error Output 


Bo-B7 


The parity generator detects whether an even or odd num- 
ber of bits on the A port is HIGH, depending on the condi- 
tion of the ODD/EVEN input, and the ERROR output is 
LOW if not equal. 


Features 

@ 300 mil 24-pin Slimline DIP 

m TRI-STATE outputs 

m 'ACT657 has TTL-compatible inputs 


Connection Diagrams 


Pin Assignment for 
DIP, Flatpak and SOIC 


oon oor wry — 


_ =. 
nv =+ Oo 


TL/F/10134-3 


TL/F/10134-2 Pin Assignment 
for LCC 
Bs Bg By NC PARERR ODD/EVEN 
(fo) 3] fj &) 
fa: 


DORE ms 
Bo OET/RNC Ap Ay Ap 


TL/F/10134-4 
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National 
Semiconductor 


ADVANCE INFORMATION 


54ACT/74ACT705 Arithmetic Logic Unit for 
Digital Signal Processing Applications 


General Description 


The ’ACT705 is a high-speed arithmetic processing integrat- 
ed circuit which is packaged in an 84-pin leadless chip carri- 
er. It features separate input buses that provide data and 
instruction codes to a high-speed single-cycle 16-bit ALU 
and an 8-bit by 8-bit parallel multiplier/accumulator. 

The ALU is a 16-bit parallel design which supports sixteen 
arithmetic and logic functions, as well as carry-in/out and 
borrow-in/out. The multiplier/accumulator, which offers a 
full 16-bit product, provides for unsigned, signed, mixed 
mode and imaginary number multiplication. Product accu- 
mulation with sum and difference arithmetic is available in 
each multiplier operating mode. 

The 16-bit results of the ALU and multiplier/accumulator are 
multiplexed to a single set of TRI-STATE® output buffers. 
The two ALU and multiplier/accumulator carry-out bits, as 
well as the 4-bit status field indicating ALU and multiplier/ 
accumulator error conditions make up the remaining six bits 
of the entire 22-bit output. 


Features 

@ 84-pin, PCC, CPGA 

@ Outputs source/sink 8 mA 

@ 'ACT705 has TTL-compatible inputs 

@ High throughput achieved with high degree of parallel- 
ism in the architecture 

@ Pipelined stages 

@ High-speed 16-bit ALU and an 8 x 8 complex multiplier 


Connection Diagram 


@ 16-bit full ALU performs sixteen Boolean and arithmetic 
functions with carry-in and carry-out 

m@ 8 x 8 parallel multiplier supports unsigned, signed, com- 
plex or mixed mode multiplications, produces 16-bit re- 
sult with carry-out 

m Separate data and instruction buses allow instruction 
fetches in parallel with execution—single cycle opera- 
tion 

@ Accepts 8- or 16-bit data and delivers a 16-bit output 

mw Data register bank configured to accept a combination 
of 8- or 16-bit data . 

mw Separate clocks for ALU instruction, multiplier instruc- 
tion, data, ALU accumulator and multiplier accumulator 
registers 

m Clustered clock pins for ease of board design 

@ 16-bit ALU/accumulator with feedback to ALU input 

m@ Status of accumulator inputs is monitored: conditions 
monitored include twos complement overflow, under- 
flow or equal-to-zero 


Applications 
@ Voice-band signal processing 
m Discrete Fourier transform applications 
— FIR filters 
— IIR filters 
m Fast Fourier transform applications 
— Spectrum analysis 
— Speech recognition 


Pin Assignment for PCC 


a 
00 2 ot ON Os wn 
exe cer soca ee 


grote es 


SPT SPs PP dS 


2 
= 


TL/F/10135=1 
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54ACT/74ACT715 


ADVANCE INFORMATION 


Programmable Video Sync Generator 


General Description 


The ’ACT715 is a 20-pin TTL-input compatible device capa- 
ble of generating Horizontal, Vertical and Composite Sync 
and Blank signals for televisions and monitors. All pulse 
widths are completely definable by the user. The device is 
capable of generating signals for both interlaced and nonin- 
terlaced modes of operation. Equalization and serration 
pulses can be introduced into the Composite Syne signal 
when needed. 


Connection Diagrams 


Pin Assignment for 
DIP, Flatpak and SOIC 


1 
2 
3 
4 
5 
6 
7 
8 
9 





TL/F/10137—1 


Four additional signals can also be made available when 
Composite Sync or Blank are used. These signals can be 
used to generate horizontal and vertical driving pulses, hori- 
zontal or vertical gating pulses, cursor position or vertical 
Interrupt signal. : 

The 'ACT715 makes no assumptions concerning the sys- 
tem that it will be used in. Line rate and field/frame rate are 
all a function of the values programmed into the data regis- 
ters, the status register, and the input clock frequency. 


Pin Assignment 
for LCC 


Dy Dg Ds 0, Ds 
BOA! 
Seaaes 





a 
° 
a 


a 
: 


VCSYNC [=] 
HSYNVDR [a] 


| 
=z 
is 
G 
Ss 
nt 
a 
ron) 


TL/F/10137-2 
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54ACT/74ACT725 


ADVANCE INFORMATION 


512 x 9 First In, First Out Memory (FIFO) 


General Description 

The 512 x 9 FIFO is a first-in, first-out dual port memory 
capable of asynchronous, simultaneous read and write. Oth- 
er important features are: expansion capability in both the 
word depth and bit width, half-full flag capability in the single 
device mode, empty and full warning flags, ring pointers for 
zero fall-through time; it.is suited for high-speed applica- 
tions. 


Logic Symbol 


Do 0; Dz Ds Dy Ds Dg D7 Dg 


XO/HF 
FF 


EF Qo 0; 02 03 04 Os Og 07 Og 


TL/F/10138~-3 


| PinNames | Description 


Data Inputs 

Data Outputs 

Write Enable 

Read Enable 

Expansion In 

Expansion Out, Half-Full Flag 
Empty Flag 

Full Flag 

Reset 

First Load/Retransmit 


Features 

m First-in, first-out dual port memory 
512 x 9 organization 
Low power consumption 
Asynchronous and simultaneous read and write 
Fully expandable by word depth and/or bit width 
Half-full flag capability in single device mode 
Master/slave multiprocessing applications 
Bidirectional and rate buffer applications 

m Empty and full warning flags 

@ Auto retransmit capability 

m@ Outputs source/sink 8 mA 

m ’ACT725 has TTL-compatible inputs 

m@ Pin and functionality compatible with IDT7201 


Connection Diagram 


Pin Assignment 
for DIP, Flatpak and SOIC 


1 

2 
3 
4 
5 
6 
7 
8 
9 


TL/F/10138-1 
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54ACT/74ACT818 
8-Bit Diagnostic Register 


General Description 


The ’ACT818 is a high-speed, general-purpose pipeline reg- 
ister with an on-board diagnostic register for performing se- 
rial diagnostics and/or writable contro! store loading. 


The D-to-Y path provides an 8-bit parallel data path pipeline 
register for normal system operation. The diagnostic regis- 
ter can load parallel data to or from the pipeline register and 
can output data through the D input port (as in WCS load- 
ing). 

The 8-bit diagnostic register has multiplexer inputs that se- 
lect parallel inputs from the Y-port or adjacent bits in the 
diagnostic register to operate as a right-shift-only register. 
This register can then participate in a serial loop throughout 
the system where normal data, address, status and control 
registers are replaced with ’ACT818 diagnostic pipeline reg- 
isters. The loop can be used to scan in a complete test 
routine starting point (Data, Address, etc.). Then after a 
specified number of machine cycles it scans out the results 
to be inspected for the expected results. WCS loading can 
be accomplished using the same technique. An instruction 
word can be serially shifted into the shadow register and 
written into the WCS RAM by enabling the D output. 


Ordering Code: ses Section 5 
Logic Symbol 


Do Dy Dz Dz Dy Ds Dg D7 SDI 


PCLK Yo Yy Yo V3 Y4 Ys Ye Y7 S00" 





TL/F/9801-3 


oaoant Omonrkt Wn 


Pin Assignment 
for DIP, Flatpak and SOIC 


Features 

@ On-line and off-line system diagnostics 

B Swaps the contents of diagnostic register and output 
register 
Diagnostic register and diagnostic testing 
Cascadable for wide control words as used in micropro- 
gramming 
Edge-triggered D registers 
Outputs source/sink 24 mA 
‘ACT818 has TTL-compatible inputs 
*ACT818 is functionally- and pin-compatible to AMD 
Am29818 and MMI 74S818 


Applications 

Register for microprogram control store 
Status register 

Data register 

Instruction register 

Interrupt mask register 

Pipeline register 

General purpose register 

Q Parallel-serial/serial-parallel converter 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


Dg Ds Dy NC Dz Dp 0, 
HOO EOe 
Bana ns @ 


Ye Ys Y4 NC Ys Yq Yy 
TL/F/9801-2 


TL/F/9801-1 
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| PinNames | Description 


Data Inputs 

Serial Data Input 
Diagnostics Clock 
Control input 

Pipeline Register Clock 
Output Enable Input 
Serial Data Output 
Data Outputs 


Diagnostic Register 


Ceawmeewrwmroeraewaoerwoeoe = 


TL/F/9801—4 


Block Diagram 


eee PF 7s 
DIAGNOSTIC 


REGISTER 


8=BiT 
OUTPUT 
REGISTER 


TL/F/9801-5 
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Functional Description 

Data transfers into the diagnostic register occur on the 
LOW-to-HIGH transition of DCLK. Mode and SDI determine 
what data source will be loaded. The pipeline register is 
loaded on the LOW-to-HIGH transition of PCLK. Mode se- 
lects whether the data source is the data input or the diag- 


nostic register output. Because of the independence of the 
clock inputs, data can be shifted in the diagnostic register 


via DCLK and loaded into the pipeline register from the data . 


input via PCLK simultaneously, as long as no setup or hold 
times are violated. This simultaneous operation is legal. 


Function Table 


Operation 
Diagnostic Reg. Pipeline Reg. 


Inputs 


SI<SI — 1, 


SO<SD, 


Serial Shift; D7-Dg Disabled 


~- PI<DI Normal Load Pipeline Register 


Load Diagnostic Register from Y; 
aleY DI Disabled 
Pi<s| Load Pipeline Register from 
Diagnostic Register 
Hold Diagnostic Register; Dl 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

-/_ = LOW-to-HIGH Clock Transition 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to + 7.0V 
DC Input Diode Current (I|) 
Vv, = —0.5V 
Vi = Voc +0.5V 
DC Input Voltage (V)) 
DC Output Diode Current (Io) 
Vo = —0.5V 
Vo = Voc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Vcc or Ground Current 
per Output Pin (Ic¢c or Iqnp) +50mA 
Storage Temperature (Tstaq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20mA 
+20mA 


—0.5V to Voc +0.5V 
—20mA 
+20 mA 

—0.5V to Voc + 0.5V 


+50 mA 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
"AC 


2.0V to 6.0V 
"ACT 4.5V to 5.5V 


Input Voltage (V)) OV to Voc 
Output Voltage (Vo) OV to Vcc 


. Operating Temperature (Ta) 


74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 
CDIP 175°C 
PDIP . 140°C 


Input Rise and Fall Time (t,, t)) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Vcc 
Voc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t,, t,) 

(Note 2) (Typical) 

(Except Schmitt Inputs) "ACT Devices 

VIN from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Voc @ 4.5V 10 ns/V 

Vcc @ 5.5V 8ns/V 
Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


—40°C to +85°C 
—55°C to + 125°C 


150 ns/V 
40 ns/V 
25 ns/V 


DC Characteristics for "ACT Family Devices 


Symbol Parameter 


ee 


Vin Minimum High Level 4.5 | 1.5 
Input Voltage 5.5 | 1.5 


Vit Maximum Low Level 45 | 1.5 0. Ee 0.8 0.8 
Input Voltage 5.5 | 1.5 0.8 0.8 0.8 

lin Maximum Input if 
Leakage Current a =e — 


loz Maximum TRI-STATE 
Leakage Current 


loc Maximum Quiescent 
Supply Current 


Maximum Additional 
Ioc/Input 

Minimum HIGH 
Level Output Voltage, 
Yo-Y7 Outputs 
Minimum HIGH 


Level Output Voltage, 
Do-D7, SDO Outputs ‘ 


Maximum LOW 
Level Output Voltage, 
Yo-Y7 Outputs 
Maximum LOW 
Level Output Voltage, 
Do-D7, SDO Outputs 
Minimum Dynamic 
Output Current, 
Yo-Y7 Outputs 


naps 


in Ta = +25°C enol to +125°C “2 to +85°C 


Guaranteed Limits 
rs : Vout = 0.1V 


+10.0 


Conditions 


or Voc — 0.1V 
VouT = 0.1V 
or Voc — 0.1V 


Vin = Voc 


OE = Vin 
Vout = OV, Voc 


Vin = Voc or GND 


Vin = Voc — 2.1V 
Voc = 5.5V 

*Vin = Vit or Vin 
lon = —24mA 
lon = —24mA 


lon = —8mA 
loo = —8mA 
*Vin = Vitor Vin 
lo. = 24mA 

lo = 24mA 


lol = 8mA 
lol = 8mA 


VoLb = 1.65V Max 





DC Characteristics for "ACT Family Devices one 


74ACT 54ACT ec 


Parameter Ta = +25°C ery a ip 125°C | — lager dee| ie +85°C Conditions 


Guaranteed Limits 


Minimum Dynamic Voup = 3.85V Min 
Output Current, 
Yo-Y7 Outputs 


Minimum Dynamic VoLtp = 5.5V 
Output Current, 

Do-D7, SDO Outputs 

(Note 1) 


Minimum Dynamic Voup = 3.3V 
Output Current, 
Do-D7, SDO Outputs 
(Note 1) 
*All outputs loaded; thresholds on input associated with output under test. 
Note 1: Test load 50 pF, 500M to ground. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Ee 


74ACT 54ACT | 74aCT 
: Ta = —55°C Ta = —40°C 

Symbol Parameter | me = a to + 125°C to +85°C 
L P CL = 50 pF CL = 50pF 


tPHL Peeepeaeten aay | Delay 

Peeepeaeten aay | to Y 2 | 30 6080 | 0: — ee 
tpLH Propagation Delay 

PCLK to Y 3.0 6.5 9.0 
teHL Propagation Delay . 

MODE to SDO 4.0 8.0 11.0 3.5 12.0 
teLH Propagation Delay 

MODE to SDO 
tPHL Fropagation Detay ; 

SDI to SDO 
tpLH Propagation Delay 

SDI to SDO 
tpHL Propagation Delay 

DCLK to SDO 4.5 9.0 12.5 4.0 14.0 
tpLH Propagation Delay 

DCLK to SDO 4.5 9.5 13.0 4.0 14.5 
tpzL Output Enable Time 

OEY to Y, 5.0 2.5 6.0 9.0 
tpLz Output Disable Time 

OEY to Y, 1.5 5.5 8.0 1.0 9.0 
tpzi Output Enable Time 

DCLK to Dn 3.0 8.0 12.0 
tpLz Output Disable Time 

DCLK to Dn 2.0 8.5 11.0 1.5 12.0 
tpzH Output Enable Time 

OEY to Yp 3.0 8.0 10.0 2.5 11.0 
tpHz Output Disable Time 

OEY to Yn 2.5 9.0 11.0 2.0 11.5 
tpZH Output Enable Time 

DCLK to Dp, 3.0 6.5 11.5 3.0 13.0 
tpHz Output Disable Time 

DCLK to Dn 3.0 7.5 12.0 2.0 13.0 


*Voltage Range 5.0 is 5.0V +0.5V. 
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AC Operating Requirements: see Section 2 for Waveforms 


74ACT 54ACT 74ACT 
Symbol Parameter 


5 Ta=—55°C | Ta = —40°C 
is ue to + 125°C to +85°C 
Bene C, = 50 pF C. = 50 pF 


Guaranteed Minimum 
Setup Time 
D to PCLK ps0 | wm fa | | se |e 
Hold Time 
D to PCLK 
Setup Time 
MODE to PCLK 
Hold Time 
MODE to PCLK 
Setup Time 
Y to DCLK 
Hold Time 
Y to DCLK 
Setup Time 
MODE to DCLK 4.0 ae 
Hold Time 
MODE to DCLK 
Setup Time 45 
SDI to DCLK ; ; 
Hold Time 
SDI to DCLK 
Setup Time 
DCLK to PCLK 
Setup Time 
PCLK to DCLK o 
Pulse Width 
PCLK HIGH or LOW 


DCLK HIGH or LOW 
Note 1: Test load 50 pF, 5002 to ground. 
*Voltage range 5.0 is 5.0V + 0.5V. 





Capacitance 


Input Capacitance | Vcg = 5.0V | = 5.0V 


Power Dissipation 
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54AC/74AC821 © 54ACT/74ACT821 
10-Bit D Flip-Flop with TRI-STATE® Outputs 


General Description Features 
The ’AC/’ACT821 is a 10-bit D flip-flop with TRISTATE out- ™@ TRI-STATE outputs for bus interfacing 
puts arranged in a broadside pinout. m Noninverting outputs 


The 'AC/’ACT821 is functionally identical to the AM29821. @ Outputs source/sink 24 mA 
gm 'ACT821 has TTL-compatible inputs 


Ordering Code: see Section 5 






















Logic Symbols Connection Diagrams 
Pin Assignment 
IEEE/IEC for DIP, Flatpak and SOIC 
Dp Dy Dy Dy Dy Ds D Ds 0. oE-* 1 
lo Dy Dz Dy Dy Ds Dg D7 Dg Dy cp—=hs 
OE 2 
oP DD VE 3 
Op 0; 0 Os 04 Os Og 07 Og Og iy A eed 4 
oC 5 
TL/F/10139-1 Ds Saaea 0; 6 
4 id 1, 7 
oy i po 8 
|g 
> +o, i 
%—| do i" 
5 a ee ca 
TL/F/10139-2 
TL/F/10139-3 
Description 
Do-Dg Data Inputs Pin Assignment 
Oo-Og Data Outputs for LCC 
OE Output Enable Input D7 Dg Ds NC D, D3 D2 






CP Clock Input 





a8 ,8,8,0,8 
9) 20 2 22 3 24 eS 
07 O05 Os, NC 0, Oz 0. 
TL/F/10139-4 
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Functional Description 

The ’AC/’ACT821 consists of ten D-type edge-triggered flip- the outputs. When OE is HIGH the outputs go to the high 
flops. The buffered Clock (CP) and buffered Output Enable impedance state. Operation of the OE input does not affect 
(OE) are common to all flip-flops. The flip-flops will store the the state of the flip-flops. 

state of their individual D inputs that meet the setup and The ’AC/’ACT821 is functionally and pin compatible with 
hold time requirements on the LOW-to-HIGH CP transition. the AM29821. 

With OE LOW the contents of the flip-flops are available at 


Function Table 


HIGH Voltage Level 
LOW Voltage Level 
HIGH Impedance 
~~ = LOW-to-HIGH Clock Transition 


Logic Diagram 


Do D, 


y aaa 
of -O| > E iy ry 


09 0; Og 
TL/F/10139-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (note 1) 
If Military/Aerospace specified devices are required, 


Recommended Operating 
Conditions 


Les 


please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. = Voltage (Vcc) 2.0V to 6.0V 


Supply Voltage (Vcc) —0.5V to +7,0V “ACT pena, 
ro Input rine Current (lik) Input Voltage (V)) OV to Voc 
}= —0.5 
Vi = Voc + 0.5V aba ue) : OV to Voc 
DC Input Voltage (V}) OeiK pt ai ure (Ta) 
DC Output Diode Current (lox) BAAC/ACT 


Vo = —0.5V —-20mA : 
Vo = Voc + 0.5V +20 mA eae Temperature (Ty) Shee 


DC Output Voltage (Vo) —0.5V to to Voc + 0.5V PDIP 140°C 


DC Output Source Input Rise and Fall Time (t,, t) 
or Sink Current (Io) (Note 2) (Typical) 

DC Vcc or Ground Current (Except Schmitt Inputs) "AC Devices 
per Output Pin (Ioc or Iqnp) +50mA Vin from 30% to 70% of Vcc 


Storage Temperature (Tsta) —65°C to + 150°C Voc @ 3.0V 


Note 1: Absolute maximum ratings are those values beyond which damage Voc @ 4.5V 

to the device may occur. The databook specifications should be met, without Voc @ 5.5V 

exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (tr, t) 

temperature, and output/input loading variables. National does not recom- (Note 2) (Typical) 

mend operation of FACT™ circuits outside databook specifications. (Ex ts a itt | ts) "ACT Device 
xcept ocnmitt Inputs evices 


VIN from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Voc @ 4.5V 10 ns/V 
Vcc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


—20mA 
+20mA 


—0.5V to Voc + 0.5V ~40°C to +85°C 


—55°C to + 125°C 


+50mA 


150 ns/V 
40 ns/V 
25 ns/V 


DC Characteristics for "AC Family Devices 


vac | sac, | 4A 


Vec ze ; Ta= Ta= 
(V) Ta = +25°C | _ coop to +125°C | —40°C to +85°C 
Typ 


Guaranteed Limits 


Vin Minimum High Level 3.0 1.5 2.1 2.1 2.1 
Input Voltage 4.5 2.25 3.15 3.15 3.15 
3.85 3.85 3.85 


VIL Maximum Low Level : : 0.9 ; F 
Input Voltage . ; 1.35 1.35 1.35 
1.65 1.65 1.65 


Minimum High Level ‘ : 2.9 
Output Voltage . ‘ 4.4 4.4 4.4 
5.4 


Symbol Parameter Conditions 


Vout = 0.1V 
or Voc — 0.1V 


Vout = 0.1V 
or Voc — 0.1V 


louT = —50 pA 


"Vin = Vitor Vin 
—-12mA 
lou —24mA 
—24mA 


Maximum Low Level i F . 0.1 0.1 lout = 50 pA 


Output Voltage 


*Vin = Vit Or Vin 
12mA 
lot 24mA 
24mA 


Vi = Voc, GND 


Maximum Input 
Leakage Current 
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DC Characteristics for AC Family Devices (continued) 


mang | saac | 74a 


Vec Ta = 
Parameter (V) Ta = +25°C 55°C to + 126°C | — ee +85°C Conditions 


Guaranteed Limits 


Maximum TRI-STATE® V, (OE) = Vit. Vin 
Current +10.0 pA | V,= eh GND 


Minimum Dynamic ————EE mA_| Voun = 1.65V Max 


Output Current Pee > -— il mA _| Voup = 3.85V Min 


Maximum Quiescent 
Supply Current ar a <P 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: [inj and Ico @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Voc. 
Ioc for 54AC @ 25°C is identical to 74AC @ 25°C. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 
Vcc _ : Ta= Ta= 
Symbol Parameter (v) Ta = +25°C 55°C to + 125°C | —40°C Oe ren sel sagt ae +85°C Conditions 
Guaranteed | = GuaranteedLimits ss 
Vin Minimum High Level 1.5 2.0 Vv Vout = 0.1V 
Input Voltage 1.5 2.0 or Vcc — 0.1V 


ViL Maximum Low Level 1.5 0.8 0.8 0.8 VouT = 0.1V 
Input Voltage 1.5 0.8 0.8 0.8 or Voc — 0.1V 
Minimum High Level 45 |} 449 |) 4.4 4.4 4.4 |v [lor = —50pA 
Output Voltage 5.5 | 5.49 5.4 5.4 5.4 
Bo = Vi_ or Vin 
4.5 3.86 3.70 3.76 —24mA 
5.5 4.86 4.70 4.76 z —24 mA 
Maximum Low Level Fae ca 0.1 0.1 |v [leer = 50 pA 
Output Voltage Fae 001; 0.1 0.1 
Se = ViL or Vin 
4.5 0.36 0.50 0.44 24mA 
55 0. ae 0. —s ae 44 . 24mA 
lin Maximum Input jaa | = Vcc, GND 
Leakage Current Fao | | to | 
ise Maximum TRI-STATE® ss. 5 Vi = Viv Vin 
pA 
Current = 
loctT Maximum = 
Ioc/input 
lo.o__| fMinimum Dynamic | 5.5 | Peso ma | Vou = 1.65 Max 
igo | O28 ps0 | 75m | Vou = 2.85V Min 


loc Maximum Quiescent Vin = Voc 
Supply Current a8 Poe or GND 


*All outputs loaded; thresholds on input associated with output under test. 
+Maximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics 


74AC | sac | 74AC 
: Ta = —55°C Ta = —40°C 
Parameter Ta = +25°C to +125°C to +85°C 
CL = 50 pF 


en er = 50 pF oe 50 pF 


Min | Min Typ — Max | 

Maximum Clock 110 145 ee ane 
Frequency 120 160 100 110 
Propagation Delay - . 13.0 16.0 15.0 
CP to On 9.5 Hf 11.5 50 10.5 
Propagation Delay 8.0 13.0 1.0 16.0 3.0 15.0 
CP to On 5.5 9.5 1.0 11.5 2.0 10.5 
Output Enable Time 6.0 11.0 1.0 13.0 a . 
OE to On 4.5 8.0 1.0 10.0 

Output Enable Time 2.5 6.5 11.0 1.0 13.5 — 0 
OE to On 5.0 8.0 1.0 10.0 i Ff 

Output Disable Time : 10.5 1.0 12.0 2.5 : 1 . 
OE to O7 8.0 1.0 10.0 1.5 


Output Disable Time 2.5 6.0 10.5 1.0 12.0 2.5 1 . 
OE to On 1.5 4.5 8.0 1.0 10.0 1.5 

*Voltage Range 3.3 is 3.3V +0.3V 

Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


74AC | s4ac | AAC 
Vec" = = < 
Parameter 
(V) we eS 
Guaranteed Minimum 


Setup Time, HIGH or LOW —1.0 1.5 2.5 1.5 
D, to CP —1.0 1.5 2.5 1.5 
Hold Time, HIGH or LOW —-1.0 4.0 4.0 
Dn to CP —1.0 4.0 4.0 
CP Pulse Width 3.5 5.0 5.5 
HIGH or LOW 2.5 4.0 4.0 

*Voltage Range 3.3 is 3.3V +0.3V 

Voitage Range 5.0 is 5.0V +0.5V 
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AC Electrical Characteristics 


74ACT 54ACT 74ACT 
Vcc’ 
Parameter 
(V) 


Ta = —40°C 
to +85°C 
aa = 50 pF 


Symbol 
| Min Typ Max | Typ 
Frequency 
Propagation Delay : 
CP to Op 2.0 6.0 9.5 1.5 10.5 
Propagation Delay 
CP to O7, 
Output Enable Time 
Output Enable Time 
ee mes a a es os } 20 120 | os | 
Output Disable Time ; 
Output Disable Time 


*Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


74ACT 54ACT 74ACT 
Vcc . 
Parameter 
(V) 


Ta = +25°C TA == 2G 
epee to + 125°C 
L P C_ = 50 pF 


Guaranteed Minimum 


Setup Time, HIGH or LOW 
Dn to CP een es 
Hold Time, HIGH or LOW - 
CP Pulse Width 
_ HIGH or LOW | so | ao | as | co | ss | m 


*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


AC/ACT 
Parameter 


Input Capacitance Voo = 6.0V 


Cpp Power Dissipation : 





4-284 


€c8 


National 
Semiconductor 


54AC/74AC823 © 54ACT/74ACT823 
9-Bit D Flip-Flop 


General Description Features 

The ’ACT823 is a 9-bit buffered register. It features Clock ™ Outputs source/sink 24 mA 

Enable and Clear which are ideal for parity bus interfacingin | TRI-STATE® outputs for bus interfacing 
high performance microprogramming systems. The wm Inputs and outputs are on opposite sides 


"ACT823 offers noninverting outputs and is fully compatible = g *AcT823 has TTL-compatible inputs 
with AMD's Am29823. 


The information for the ’AC823 is Advanced Information only. 





Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


IEEE/IEC Pin Assignment 
for DIP, Flatpak and SOIC 
Dy Dy Dy Ds Dy 05 Dg D7 Of ofl 





1 
2 
Op 01 02 03 04 05 0g 07 Og CP : 
4 
TL/F/9894-1 5 
6 
7 
8 
9 
Dg—qiu 15 0g 
CLR=4 11 147—EN 





i?) 
=z 
o 
NO 
= 
w 
oO 
mo) 


TEE ieeeA 2 TL/F/9894-3 


Pin Assignment 
for LCC 

D7 Dg Ds NC Dy Ds Dy 

(1) fol (s} (2) GB) 


Description 


Data Inputs 
Data Outputs 





Output Enable 
Clear 2d (2i] 22 23 Bl 


07 Og Os NC 0, 03 0 
Clock Input 7 96 Os NE Og O3 V2 
Clock Enable TL/F/9894-4 
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Functional Description 


The 'ACT823 consists of nine D-type edge-triggered flip- 
flops. These have TRI-STATE outputs for bus systems or- 
ganized with inputs and outputs on opposite sides. The buff- 
ered clock (CP) and buffered Output Enable (OE) are com- 
mon to all flip-flops. The flip-flops will store the state of their 
individual D inputs that meet the setup and hold time re- 
quirements on the LOW-to-HIGH CP transition. With OE 
LOW, the contents of the flip-flops are available at the out- 
puts. When OE is HIGH, the outputs go to the high imped- 
ance state. Operation of the OE nee does not affect 


Function Table 


OE CLR EN CP 


rrztrr leet Tz 
ae ce oat een SR A > ad pot 
reomuerxKxx xx rerio 


SV VRE 


= HIGH Voltage Level 
= LOW Voltage Level 
ae Immaterial 
2 = High Impedance 
—/ = LOW-to-HIGH Transition 
NC = No Change 


Logic Diagram 


Q% 0 02 


the state of the flip-flops. In addition to the Clock and Output 
Enable pins, there are Clear (CLR) and Clock Enable (EN) 
pins. These devices are ideal for parity bus interfacing in 
high performance systems. 

When CLR is LOW and OE is LOW, the outputs are LOW. 
When CLR is HIGH, data can be entered into the flip-flops. 
When EN is LOW, data on the inputs is transferred to the 
outputs on the LOW-to-HIGH clock transition. When the EN 
is HIGH, the outputs do not change state, regardless of the 
data or clock input transitions. 





03 04 Os Og 07 Og 
TL/F/9894-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
c iconducto ale 
ote Deine ion ava el ceeine tine : sees Voltage (Vcc) eT, 
Supply Voltage (Vcc) —0.5V to 7.0V ACT 45V to5.5V 
DC Input Diode Current (I)x) Input Voltage (Vj) OV to Voc 
Vie U8y 20 mA Output Voltage (Vo) OV to Veg 


Vi = Voc + 0.5V +20mA 0 tina T. ture (Ta) 
- perating Temperature (Ta 
DC Input Voltage (V)) 0.5V to Voc + 0.5V 74AC/ACT ~40°C to +85°C 


DC Output Diode Current (lox) 54AC/ACT —55°C to + 125°C 


Vo = —0.5V —20mA ; 
= Junction Temperature (Ty) 
Vo = Vcc + 0.5V +20 mA CDIP 175°C 


DC Output Voltage (Vo) —0.5V to Veco + 0.5V PDIP 140°C 
DC Output Source or Sink Current (lo) * +50mA Input Rise and Fall Time (t,, t) 


DC Vcc or Ground Current (Note 2) (Typical) 
per Output Pin (Ico or IGnp) +50 mA (Except Schmitt Inputs) "AC Devices 


Storage Temperature (Tstq) —65°C to + 150°C Vin from 30% to 70% of Voc 


Note 1: Absolute maximum ratings are those values beyond which damage Vcc @ 3.0V 150 ns/V 
to the device may occur. The databook specifications should be met, without Voc @ 4.5V 40 ns/V 
exception, to ensure that the system design is reliable over its power supply, Voc @ 5.5V 25 ns/V 
temperature, and output/input loading variables. National does not recom- P 5 
mend operation of FACT™ circuits outside databook specifications. Be oo ne De teas (tr, t) 

° ypi 


(Except Schmitt Inputs) "ACT Devices 

Vin from 0.8V to 2.0V, Vmeas from 0.8V to 2.0V 
Voc @ 4.5V 10 ns/V 
Voc @ 5.5V 8ns/V 


Note 2: See individua!t datasheets for those devices which differ from the 
typical input rise and fall times noted here, 


DC Electrical Characteristics 


pens St aac 
Symbol Parameter os | Ta = 25 | = 25°C age is + 125°C Z ine re +85°C Conditions 


Guaranteed Limits 
ViH Minimum High Level 1.5 2.0 Vv Vout = 9.1V 
Input Voltage 1.5 2.0 or Vcc —0.1V 
i Maximum Low Level 0.8 0.8 Vout = 0.1V 
Input Voltage 0.8 0.8 or Voc —0.1V 
Minimum High Level 45 | 449 | 4.4 4.4 4.4 | y flour = —60 pA 
5.49 | 5.4 5.4 5.4 
|= = ViLor Vin 
3.86 3.70 3.76 —24mA 
4.86 4, a 4. =a —24mA 
Maximum Low Level 0.001} 0.1 oy flour = 50 pA 
Output Voltage 0.001} 0.1 =z 
ae = ViLor Vin 
4.5 0.50 0.44 vy jlo 24mA 
5.5 0.50 0.44 24mA 
Maximum Input 
Maximum TRI-STATE Current = Vit Vin 
jes| [oes 2 Tals tho 


Maman ogee [os [| | mA _| Vi = Voc -2.1V 
a eee Voip = 1.65V Max 





iat Current | mA | VoHp = 3.85V Min 


Maximum Quiescent Vin = Voc 
Supply Current (Note 1) or GND 
*All outputs loaded; thresholds on input associated with output under test. 


TMaximum test duration 2.0 ms, one output loaded at a time. 
Note 1: Icc limit for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


74ACT 54ACT 74ACT 


Sees Ta=-55C | Ta= —40°C 
aac to + 125°C to + 85°C 
L= sup C. = 50 pF C. = 50 pF 





Symbol Parameter 









Maximum Clock 
Frequency 


Propagation Delay 
CP to Op 1.0 12.0 





tPLH 





Propagation Delay 
CP to On 


Propagation Delay 
CLR to O, 


Output Enable Time 
OE to O, 


Qutput Enable Time 


teHL 





teHL 





tpZH 





tezL 






OE to O, 


Output Disable Time 
OE to a 


“Voltage Range 5.0 is 5.0V +0.5V 





tpHz 







AC Operating Requirements: see Section 2 for Waveforms 


74ACT 54ACT 74ACT 


: Ta = —55°C | Ta = —40°C 
Ta = +25°C : 
Vec* cS to +125°C to + 85°C 
Parameter — 50 pF CL = 50 pF raed = 50 pF 


Guaranteed | ss GuaranteedMinimum sid 


Setup Time, HIGH or LOW 
DtoCP 
‘| Hold Time, HIGH or LOW 5.0 
Dy to CP ai 
Setup Time, HIGH or LOW 
EN to CP 
Hold Time, HIGH or LOW 
EN to CP 
CP Pulse Width 
HIGH or LOW 
CLR Pulse Width, LOW $280 88 — 


CLR to CP 45 
Recovery Time 


“Voltage Range 5.0 is 5.0V +0.5V 






Symbol Fig. 





















Capacitance 


| InputCapacitance _| Capacitance | Veg = 5.0V_ | = 5.0V 


Power Dissipation 
Voc = 5. 
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54AC/74AC825 © 54ACT/74ACT825 
8-Bit D Flip-Flop 


General Description Features 


The 'ACT825 is an 8-bit buffered register. They have Clock ™ Outputs source/sink 24 mA 
Enable and Clear features which are ideal for parity bus ™ Inputs and outputs are on opposite sides 
interfacing in high performance microprogramming systems. m 'ACT825 has TTL-compatible inputs 


Also included are multiple enables that allow multi-use con- 
trol of the interface. The 'ACT825 has noninverting outputs 
and is fully compatible with AMD’s Am29825. 


The information for the ’AC825 Is Advanced Information only. 


Ordering Code: see Section 5 
Logic Symbols 


IEEE/IEC 
4 PPh. Be: Dy Bg Ds Og. Oy 
OE; 


CLR 
cP 


ENS 05 04 Os. Oy? Oy Ox Dg: 0, 


TL/F/9895~1 


> 
TL/F/9895-3 


Pin Names Description 


Do-D7 Data Inputs 
Oo-O07 Data Outputs 


OE, : OE, OE3 Output Enables 
EN Clock Enable 
CLR Clear 

CP Clock Input 





4-289 


Connection Diagrams 


Pin Assignment 


for DIP, Flatpak and SOIC 


Oo On OO UW fF WY 


10 


—_- — 
wo 


Pin Assignment 
for LCC 


Dg Ds Dy NC Ds D2 D, 





TL/F/9895-2 


HOO AOwS) 
a a 


B88 88 
fs) £o 2) Bal 23 24 2S 
Og Os 04 NC 03 02 0, 


TL/F/9895-4 
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Functional Description 


The ’AC/’ACT825 consists of eight D-type edge-triggered 
flip-flops. These devices have TRI-STATE® outputs for bus 
systems, organized in a broadside pinning. In addition to the 
clock and output enable pins, the buffered clock (CP) and 
buffered Output Enable (OE) are common to all flip-flops. 
The flip-flops will store the state of their individual D inputs 
that meet the setup and hold time requirements on the 
LOW-to-HIGH CP transition. With OE;, OE and OE3 LOW, 
the contents of the flip-flops are available at the outputs. 
When one of OE, OEs or OE3 is HIGH, the outputs go to 
the high impedance state. 


Function Table 


Operation of the OE input does not affect the state of the 
flip-flops. The *AC/’ACT825 has Clear (CLR) and Clock En- 
able (EN) pins. These pins are ideal for parity bus interfacing 
in high performance systems. 


When CLR is LOW and OE is LOW, the outputs are LOW. 
When CLR is HIGH, data can be entered into the flip-flops. 
When EN is LOW, data on the inputs is transferred to the 
outputs on the LOW-to-HIGH clock transition. When EN is 
HIGH, the outputs do not change state, regardless of the 
data or clock input transitions. 


| 
| 


| 
m 
OQ 
Pe) 
m 
= 


TrTItartTTTeHerK KIL 


H 
H 
H 
L 
H 
L 
H 
H 
L 
L 


mrTHeroereerpcptioickK xoe 


NNSA 36262885 4 


= 


IGH Voltage Level 

W Voltage Level 
material 

igh Impedance 

_/ = LOW-to-HIGH Transition 
NC = No Change 


tou y 
30 


=x 


Logic Diagram 






cP 


at 0 
OE; 0 1 


/ \/ \/ \/ WV, V 
YR ee 





cP cP CP cP 
D D D D 
eo] val so] cir? 
e e ) es 





VV 


3 4 5 6 07 


TL/F/9895--5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallability and specifications. 


Supply Voltage (Vcc) —0.5V to 7.0V 
DC Input Diode Current (Ij) 

V,; = —0.5V 

Vi = Voc +0.5V 
DC Input Voltage (Vj) 
DC Output Diode Current (lox) 

Vo = —0.5V 

Vo = Voc +0.5V 
DC Output Voltage (Vo) 
DC Output Source or Sink Current (Io) 
DC Vcc or Ground Current 

Per Output Pin (Icc or Iqnp) +50 mA 
Storage Temperature (TsTq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20 mA 
+20 mA 


—0.5V to Voc +0.5V 


—20 mA 
+20mA 


—0.5V to Voc +0.5V 
£50 mA 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
‘AC 


2.0V to 6.0V 
4.5V to 5.5V 


OV to Vcc 
OV to Vcc 


‘ACT 

Input Voltage (V;) 

Output Voltage (Vo) 

Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 

Junction Temperature (Ty) 
CDIP 
PDIP 

Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) ‘AC Devices 
Vin from 30% to 70%, Voc 
Voc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 

Input Rise and Fall Time (t,, tp 
(Note 2) (Typical) 


—40°C to + 85°C 
—55°C to + 125°C 


175°C 
140°C 


150 ns/V 
40 ns/V 
25 ns/V 


Sc8 


(Except Schmitt Inputs) "ACT Devices 

VIN from 0.8V to 2.0V, Vmeas 

from 0.8V to 2.0V 

Voc @ 4.5V 10 ns/V 
Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


DC Electrical Characteristics 
Symbol Parameter Vee! ty = 250 


Conditions 


Th. 256 =a B® |-sscto sare] soto +ere| + 125°C Se a +85°C 


rar | ss GuaranteedLimits = Limits 
Minimum High Level 1.5 2.0 2.0 2.0 Vout = 0.1V 
input Voitage id 2.0 2.0 2.0 orVoo —0.1V 
Maximum Low Level 4. Hl 1.5 0.8 0.8 0.8 Vout = 0.1V 
Input Voltage 5.5 | 1.5 0.8 cae ae or Voc —0.1V 
Minimum High Level Fa 5 | 4. ee | |v. flour = = —50 pA 
Fa 5 a ore 


a 
4.5 3.86 3.70 3.76 
5.5 4.86 4.70 4.76 
4.5 |0.001} 0.1 0.1 0.1 |v flour = 
5.5 |0.001} 0.1 0.1 0.1 

a = Vit or ViH 
4.5 0.36 0.50 0.44 24 mA 
5.5 0. ECrR 0 rae ae 44 24 mA 
lin Maximum Input Leakage Current 55| | | +0.1 | 1 | eto AY) et | sto | | yA | Vi = Voc, GND 


loz Maximum TRI-STATE Current Vi= mS ViH 


+5.0 
Vos = —24V 


imate [saa [ag —[ 1g Tey We 


Maximum Quiescent (Note 1) A Vin = Voc 
Supply Current B 


or GND 
*Ail outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note 1: Icc limit for 54ACT @ 25°C is identical to 74ACT @ 25°C. 


VIH 


VIL 


Vit or Ving 
—24mA 
—24mA 


50 pA 


Maximum Low Level 
Output Voltage 





Icct 
loLD 
IOHD 
lec 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


74ACT 54ACT 74ACT 
Vv Ta = —55°C Ta = —40°C 
Parameter aa to + 125°C to + 85°C 
ee od 50 pF ae Gee 50 pF 
| Min Typ Max _| Typ 


aa [=[= = [* f6 fe 
Beil 

Soo | eo | ts ee oe | tena | tes | 
ee [se | 2 oes | tone | tems | 
Eee ee 
too | eo | ts eo nee | tena | nets | 
foo | 6 | ao es ne | ao tee | osteo | 
eeooree™ | co | ees no | so tas | osteo | 
eroon | se] ts eo oe | to ao | te te | om 


*Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements: see Section 2 for Waveforms 


74ACT 54ACT 74ACT 
Vcc" 
Parameter 
(V) 


Ta = —55°C | Ta = —40°C 
to + 125°C to +85°C 


Setup Time, HIGH or LOW 
Dp to CP 


Hold Time, HIGH or LOW 
Dr, to CP 


Setup Time, HIGH or LOW 

EN to CP 

Hold Time, HIGH or LOW 1.0 
EN to CP . 
CP Pulse Width 

HIGH or LOW 

| TLAPusewidthrow | 50 | 30 | 55 | 70 ‘| 


CLR to CP 
Recovery Time 


*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


— Input Capacitance = Voo = 6.0 


Power Dissipation 
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54ACT/74ACT827 
10-Bit Buffer/Line Driver with TRI-STATE® Outputs 


General Description Features 

The 'ACT827 10-bit bus buffer provides high performance  ‘'ACT827 has TTL-compatible inputs 
bus interface buffering for wide data/adress paths orbuses m TRI-STATE® Outputs 

carrying parity. The 10-bit buffers have NOR output enables 

for maximum contro! flexibility. 

The ’ACT827 is functionally- and pin-compatible to AMD’s 

AM29827. 


Logic Symbols Connection Diagrams 


Pin Assignment 
IEEE/IEC for DIP, Flatpak and SOIC 
Do Dy O2 Ds Dy Ds Dg D7 Dg Dy 


Op 01 02 0; 04 O5 Og 07 Og Og 


TL/F/10140-3 


womrnn nuk WAP + 


—_ 
- oOo 


Description 


Output Enable 
Data Inputs TL/F/10140-1 


Data Cuiputs 


= 
ww 





TL/F/10140-4 


Pin Assignment 
for LCC 
D7 Dg Dg NC Dy Ds Do 
Of ) fe) GI 
ia 


fo) 6 2a 2a BS 24 BS) 
07 0g Os NC 04 03 02 


TL/F/10140-2 
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National 
Semiconductor 


54ACT/74ACT841 


10-Bit Transparent Latch with TRI-STATE® Outputs 


General Description 


The 'ACT841 bus interface latch is designed to eliminate 
the extra packages required to buffer existing latches and 
provide extra data width for wider address/data paths or 
buses carrying parity. The ’ACT841 is a 10-bit transparent 
latch, a 10-bit version of the ’ACT373. 


Ordering Code: see Section 5 


Logic Symbols 


Do Dy Dz Ds Dy Dg Dg Dy Dg Dy 


Qo 0, 0 0s , 05 0g 07 Og Qg 


TL/F/10156-1 


Description 


Do-Dg Data Inputs 
TRI-STATE Outputs 


Oo-O9 
OE Output Enable 
LE Latch Enable 





Features 

gw ’ACT841 has TTL-compatible inputs 
# Outputs source/sink 24 mA 

@ Non-inverting TRI-STATE outputs 


Connection Diagrams 


Pin Assignment 
for DIP, Flatpak and SOIC 


Q 
0; 
02 
0; 
04 
05 
0g 
07 
Og 
Qg 


oan oon & SW Hh 


=_-_ so 
ob =~ Oo 


TL/F/10156-3 


Pin Assignment 
for LCC 
D7 Og Ds NC Oy Dz Dy 
i fo &) aE) 
gag ane 


(3 29 2) a Bs 24 Bs 


TL/F/10156-4 
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Functional Description 

The ACT841 consists of ten D-type latches with TRI-STATE 
outputs. The flip-flops appear transparent to the data when 
Latch Enable (LE) is HIGH. This allows asynchronous oper- 
ation, as the output transition follows the data in transition. 


Function Table 


H 

L OW Voltage Level 
X = Immaterial 
z 
N 


C = No Change 


Logic Diagram 


On the LE HIGH-to-LOW transition, the data that meets the 
setup and hold time is latched. Data appears on the bus 
when the Output Enable (OE) is LOW. When OE is HIGH 
the bus output is in the high impedance state. 


High Z 

High Z 

High Z 
Latched 
Transparent 
Transparent 
Latched 


TL/F/10156~5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate progagation delays. 
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Absolute Maximum Rating (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to + 7.0V 
DC Input Diode Current (Ix) 
Vv = —0.5V 
Vi = Voc + 0.5V 
DC Input Voltage (Vj) 
DC Output Diode Current (!ox) 
Vo = —0.5V 
Vo = Vcc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source 
or Sink Current (Io) 
DC Vcc or Ground Current 
per Output Pin (Ico or Iqnp) +50mA 
Storage Temperature (Tstq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20mA 
+20mA 


—0.5V to Vcc + 0.5V 
—20mA 
+20 mA 

—0.5V to to Voc + 0.5V 


+50 mA 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
"AC 
"ACT 
Input Voltage (V)) 
Output Voltage (Vo) 


Operating Temperature (Ta) 
74AGC/ACT 
54AC/ACT 


Junction Temperature (Ty) 
CDIP 
PDIP 


Input Rise and Fall Time (t,, tp) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "AC Devices 
Vin from 30% to 70% of Voc 
Vcc @ 3.0V 
Voc @ 4.5V 
Voc @ 5.5V 


Input Rise and Fall Time (t,, t,) 
(Note 2) (Typical) 
(Except Schmitt Inputs) "ACT Devices 
VIN from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Voc @ 4.5V 
Voc @ 5.5V 


2.0V to 6.0V 
4.5V to 5.5V 


OV to Voc 
OV to Voc 


— 40°C to + 85°C 
—58°C to + 126°C 


175°C 
140°C 


150 ns/V 
40 ns/V 
25 ns/V 


10 ns/V 
8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


DC Characteristics for "ACT Family Devices 


74ACT 54ACT 74ACT 


Symbol Parameter 


ae = +25°C 


ViH Minimum High Level 


Input Voltage 


Maximum Low Level 
Input Voltage 


VIL 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 


4.5 | 0.001 0.1 
5.5 | 0.001 0.1 





Ta= 
—55°C to + 125°C 


Conditions 


Ta= 
— 40°C to + 85°C 


Guaranteed Limits 


45 0.36 0.50 0.44 

5.5 0.36 0.50 as 44 

Maximum Input 

Leakage Current 

Maximum TRI-STATE 

Leakage Current See oe 
Maximum 

Ioc/Input fss}os] | ts] ts | a | 
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Vout = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


lout = —50 pA 


"Vin = Vir or Vin 
—24mA 
—24mA 


50 pA 


IOH 


|v | loure 


Bald = Vit or Vin 
24mA 
24mA 


rac 


Vi = Vit. Vin 


Vi = Voc — 2.1V 





LPs 


DC Characteristics for "ACT Family Devices (continued) 


74ACT 54ACT 74ACT 
= + td 
Parameter (V) Ta 25°C | _sscto +125°C | —40°C to +85°C 


Typ Guaranteed Limits 
Minimum Dynamic | 66 | | | sos | 
Maximum Quiescent 80.0 
Supply Current , 


*All outputs foaded; thresholds on input associated with output under test. 





tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 


AC Electrical Characteristics 


Ta = +25°C 


CL = 50 pF to + 125°C to + 85°C 


Parameter 


Propagation Delay 
10.0 
Dp to On 


Propagation Delay 20 5.5 9.5 1.0 11.0 2.0 10.0 

Dp to O7 
Propagation Delay 
‘cue 1.0 11.0 2.0 10.0 


fmm [= [ee le fe eT 
melee = ele ele ele 
ame [= [ee fe fo we 
Eel Ed 
Eel Ed 


*Voltage Range 5.0 is 5.0V +0.5V 





4-297 


841 





AC Operating Requirements 


74ACT 54ACT 74ACT. 
Vcc’ 
Parameter 
(V) 


Se Ta = —55°C | Ta = —40°C 
: ie to + 125°C to +85°C 
eae C.=50pF | C, = 50pF 


Guaranteed Minimum 


Setup Time, HIGH or LOW 
Dy to LE 

Hold Time, HIGH or LOW 
Dp to LE 


| LePusewidn HGH | so | 20 | 35 | 50 | 


*Voltage Range 5.0 is 5.0V +0.5V 


Capacitance 


mea | pane Ae tenet 


| Ow | Input Gapacitance | Voo=5.0v__| 


Cpp Power Dissipation = 
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54AC/74AC843 @ 54ACT/74ACT843 
8-Bit Transparent Latch 


General Description Features 


The 'AC/’ACT843 bus interface latch is designed to elimi- ™ 'ACT843 has TTL-compatible inputs 
nate the extra packages required to buffer existing latches | TRI-STATE® outputs for bus interfacing 
and provide extra data width for wider address/data paths. 


The ’AC/'ACT843 is functionally and pin compatible with 
AMD’s Am29843. . 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, Flatpak and SOIC for LCC 
Dy Dg Ds NC Dy Dz Do 
(1) fo [s] (6) [5] 


Ds 
CLR [3] 
GND 4] 
NC [5] 
Le 
PRE 7] 
0g fa) 


TL/F/9800-1 


oon our WYO 


(9 Bo 23 22 3 24 Be 
07 Og Og NC O4 03 0, 


_ 
i=) 


I L/F/9800-4 


—=—_— — 
npn — 


TL/F/9800-2 


Data Inputs 
Data Outputs 
Output Enable 
Latch Enable 
Clear 

Preset 
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Functional Description 


The ’AC/’ACT843 consists of nine D-type latches with TRI- 
STATE outputs. The flip-flops appear transparent to the 
data when Latch Enable (LE) is HIGH. This allows asyn- 
chronous operation, as the output transition follows the data 
in transition. On the LE HIGH-to-LOW transition, the data 
that meets the setup times is latched. Data appears on the 
bus when the Output Enable (OE) is LOW. When OE is 
HIGH, the bus output is in the high impedance state. In 


addition to the LE and OE pins, the ’AC/’ACT843 has a 
Clear (CLR) pin and a Preset (PRE) pin. These pins are ideal 
for parity bus interfacing in high performance systems. 
When CLR is LOW, the outputs are LOW if OE is LOW. 
When CLR is HIGH, data can be entered into the latch. 
When PRE is LOW, the outputs are HIGH if OE is LOW. 
Preset overrides CLR. 


‘Function Tables 


a 
Q 
a 
z 
m 
mal 
mi 
r 
m 


iS A ai ae eee Cees een ee Ee bee 
Pa Et Ee a Ee | 
Lier rrccrer crs 
|e 2 a bees ee RO 
<xx«<— <<< xX De xK Ire lyo 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 
NC = No Change 


Logic Diagram 
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* High Z 
High Z 
Latched 
Transparent 


Transparent 
Latched 
Preset 

Clear 

Preset 
Clear/High Z 
Preset/High Z 


TL/F/9800-5 





Absolute Maximum Ratings (note 1) 
If Mititary/Aerospace specified devices are required, 


Recommended Operating 
Conditions 


€v8 


please contact the Natlonal Semiconductor Sales 
Office/Distributors for availability and specifications. ay Voltage (Vcc) 


Supply Voltage (Vcc) —0.5V to +7.0V "ACT 

Vi = —0.5V 

Vi = Voc +0.5V remiitaci Seer i 
DC Input Voltage (V)) a ace 
DC Output Diode Current (lox) 54AC/ACT 


Vo = —0.5V —20mA . 
Vo = Veo +0.5V +20 mA nae Temperature (Ty) sec 


DC Output Voltage (Vo) —0.5V to Vcc +0.5V PDIP 140°C 


DC Output Source Input Rise and Fall Time (t,, t)) 
or Sink Current (Io) (Note 2) (Typical) 

DC Vcc or Ground Current (Except Schmitt Inputs) "AC Devices 
per Output Pin (Icc or Ia@np) +50 mA Vin from 30% to 70% of Voc 


Storage Temperature (TsTq) —65°C to + 150°C Voc @ 3.0V 

Note 1: Absolute maximum ratings are those values beyond which damage Voc @ 4.5V 

to the device may occur. The databook specifications should be met, without Voc @ 5.5V 

exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (t,, t;) 

temperature, and output/input loading variables. National does not recom- (Note 2) (Typical 

mend operation of FACT™ circuits outside databook specifications. ote 2) (Typ ‘ al) : 
(Except Schmitt Inputs) "ACT Devices 


Vin from 0.8V to 2.0V, Vmeas 

* from 0.8V to 2.0V 
Vec @ 4.5V 10 ns/V 
Vec @ 5.5V 8ns/V 


Note 2: See Individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


2.0V to 6.0V 
4.5V to 5.5V 


OV to Vcc 


~20 mA OV to Vcc 


+20mA 


—0.5V to Vcoc + 0.5V —40°C to + 85°C 


— 55°C to + 125°C 


+50 mA 


150 ns/V 
40 ns/V 
25 ns/V 


DC Electrical Characteristics for "AC Family Devices 


74AC ee 74ac 


Vcc 
(vy | TA= +28°C eee +£125°C teens +a5rc | Units | Conditions 


Guaranteed Limits 


Symbol Parameter 


Vin Minimum High Level . 1.5 2.1 2.1 
Input Voltage ; 2.25 3.15 3.15 
2.75 3.85 3.85 


Vit Maximum Low Level : 1.5 0.9 ; 
Input Voltage . 2.25 1.35 1.35 
2.75 : 1.65 


Minimum High Level : 2.99 2.9 2.9 
Output Voltage ; 4.49 4.4 4.4 
5.49 5.4 5.4 


Vout = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


louT = —50 pA 


“Vin = Vitor Vin 
—12mA 
loH —24mA 
—24mA 


Maximum Low Level F ; F : lout = 50 pA 
Output Voltage 


*Vin = Vit or Vin 
12mA 
lo 24mA 
24mA 


= Vcc, GND 


Maximum Input 
Leakage Current 
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DC Electrical Characteristics for "AC Family Devices (continued) 


74AC 
Ta= Ta 
—55°C to + 125°C | —40°C to + 85°C Conditions 


Guaranteed Limits 


Maximum TRI-STATE V; (OE) = Vit, Vin 
Leakage Current p : +5.0 BA | Vi = Voc, GND 


5 


Maximum Quiescent 
Supply Current | tooo | mmo nw 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. ; 

Note: li and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vcc. 
loc for 54AC @ 25°C is identical to 74AC @ 25°C. 





DC Electrical Characteristics for "ACT Family Devices 


' 74ACT 54ACT 74ACT 


en Ta= Ta = 
Ta= +25°C | _ sect +125°C | —40°C to + 85°C 


Typ Guaranteed Limits 


VIL Maximum Low Level : 1.5 0 8 0.8 

Input Voltage 1.5 0 8 0.8 

Minimum High Level : 4.49 4 4 

Output Voltage 5.5 |] 5.49 5 4 

*Vin = Vit Or Vin 

: : —24mA 
0 
0 


Symbol Parameter Conditions 


Vin Minimum High Level 
Input Voltage 


Vout = 0.1V 
or Vcc — 0.1V 


Vout = 0.1V 
or Vcc — 0.1V 


aoalanr 
anlan 

—_ 
are ee 


oN 
a 


louT = —50 pA 


Maximum Low Level 
Output Voltage 


4.5 
5.5 





ak an; 
an aan 


*Vin = Vitor Vin 
0.36 0.50 0.44 24 mA 
0.36 0.50 0.44 
json] sto 


loL 24mA 
Vi = Voc, GND 


8 0. 
8 0. 
4 4, 
4 5. 
3.86 3.70 3.76 
4.86 4.70 4.76 OH —24mA 
0.001 1 Vv louT = 50 pA 
0.001 4 
0.1 +1 
0.5 


Maximum Input 

Leakage Current 

Maximum TRI-STATE 
.| Leakage Current 

Maximum 

Ioc/Input 


Vi = Vins Vin 
Vo = Vcc, GND 
Vv 


1= Voc — 2.1V 


+ pA 
: 
Ni eal 
a 
a a 
ref 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Icc for 54ACT @ 25°C is identical to 74ACT @ 25°C. 


A 


tMinimum Dynamic 
Output Current 


3 


>| > 


Votp = 1.65V Max 
VoHp = 3.85V Min 


a | Vin = Vcc 
or GND 


Maximum Quiescent 


Supply Current . 
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AC Electrical Characteristics 


74ac | san | zane 
: Ta=—-55C | Ta = —40°C 
Symbol Parameter os eet =e to + 125°C to +85°C 
paca 2. et =50pF | C= 50pF 
: : i 0 


tpLH Propagation Delay is ae be Mee 1.0 et 
Dp to On 1.0 10.0 


tpHL Propagation Delay 4.0 7.0 12.0 1.0 14.0 
Dp to On : 5.0 8.5 1.0 10.0 


tPLH Propagation Delay : 6.5 12.0 1.0 14.0 
LE to Op, 2.0 45 8.5 1.0 10.0 


tpHL Propagation Delay 4.0 7.0 12.0 1.0 14.0 
LE to On 2.5 5.0 8.5 1.0 10.0 
tpLH Propagation Delay 5.5 8.5 19.0 1.0 23.5 
PRE to Op, 3.5 6.0 13.0 1.0 16.0 
{PHL Propagation Delay 7.5 11.0 21.5 1.0 26.5 
CLR to Op, 5.0 7.5 15.0 1.0 19.0 
tpzH Output Enable Time 3.5 6.0 11.0 1.0 13.0 
OE to On 2.0 4.5 8.0 1.0 10.0 
tpzi Output Enable Time 4.0 6.5 11.0 1.0 13.0 
OE to On 2.0 5.0 8.0 1.0 10.0 
tpHz Output Disable Time 4.0 6.5 10.5 1.0 12.0 
OE to On 3.0 5.0 8.0 1.0 9.0 





tpLz Output Disable Time 3.0 6.0 10.5 1.0 12.0 
OE to O, 2.0 4.5 8.0 1.0 9.0 
tpHL Propagation Delay ae be 12.5 1.0 15.0 
PRE to Op, 9.0 1.0 10.5 
tpLH Propagation Delay : 1.0 15.0 
CLR to On : 4 1.0 10.5 
*Voltage Range 3.3 is 3.3V +0.3V 
‘Voltage Range 5.0 is 5.0V +0.5V 
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AC Operating Requirements 


74AC | saac | aac 
Parameter Vec* 
(V) 


a Ta = —55°C Ta = —40°C 
Ths oe to + 125°C to +85°C 
C_=50pF | C, = 50pF 


| typ | Guaranteed Minimum 
Setup Time, HIGH or LOW 3.0 
Dp to LE 1.5 
Hold Time, HIGH or LOW 
Dp to LE 
LE Pulse Width, HIGH 1.5 
1.5 
PRE Pulse Width, LOW 16.0 
11.0 
LR Pulse Width, LOW 5.5 14.0 18.5 
4.0 10.0 13.0 
0 


C. = 50 pF 


CLR Recovery Time 


“Voltage Range 3.3 is 3.3V +0.3V 
“Voltage Range 5.0 is 5.0V +0.5V 
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AC Electrical Characteristics 


ae Ta= 55° | Ta= 40°C 
Symbol LI anes to +125 to +85°C 


‘PLH Propagation Delay 2.5 5.5 9.5 1.0 11.0 | 20 100 
Dy to On 
teHL Propagation Delay 2 
Dr to On : 
tpLH Propagation Delay 
LE to On 
tpHt. Propagation Delay 2 
LE to On : : . . i : A 
tPLH Propagation Delay 
PRE to On, 2.5 6.5 14.0 1.0 17.5 
tPHL Propagation Delay 
CLR to O, 2.5 7.5 15.5 1.0 19.0 2.0 
tpzH Output Enable Time 
OE toO, 2.5 5.5 9.5 1.0 11.0 2.0 10.5 
tpze Output Enable Time 
tpHz Output Disable Time 





tpLz Output Disable Time 
=~ .5 if 3 . 
OE toO, 2 6.0 10.5 1.0 


tPHL Propagation Delay 
PRE to O, 


teLH Propagation Delay 
GLH to Op, 


2.5 6.0 10.5 1.0 


2.5 5.5 9.5 1.0 
“Voltage Range 5.0 is 5.0V +0.5V 


AC Operating Requirements 


Ta = —55°C | Ta = —40°C 
Parameter to + 125°C to + 85°C 
C_ = 50 pF C. = 50 pF 


Setup Time, HIGH or LOW 
Dy, to LE 


Hold Time, HIGH or LOW 
Dry to LE 


“Voltage Range 5.0 is 5.0V +0.5V 
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Capacitance 


=) = 


Input Capacitance | 4 | 


Typ 
45 
Cpp Power Dissipation 
Capacitance 
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Conditions 


Voc = 5.0V 


Voc = 5.0V 
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54AC/74AC845 © 54ACT/74ACT845 
8-Bit Transparent Latch with TRI-STATE® Outputs 


General Description Features 


The 'AC/’ACT845 bus interface latch is designed to elimi- ™ ‘'ACT845 has TTL-compatible inputs 
nate the extra packages required to buffer existing latches 
and provide easy expansion through multiple OE controls. 


The 'AC/’ACT845 is functionally and pin compatible with 
AMD's Am29845. 


The information for the ’AC845 is Advanced Information only. 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment 


OE for DIP, Flatpak and SOIC 
OE, Dp Dy Dz Ds Dy Os Dg D7 OE 


Data Inputs 


Data Outputs 
Output Enables 
Latch Enable 


Clear 
Preset TL/F/9896-5 


o aon Done WP 





—_— 
Ny — Oo 





TL/F/9896-1 


Pin Assignment 
for LCC 


Dg Ds Dy NC Ds Dp Dy 
OOOO 


TL/F/9896-2 
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Functional Description 

The ’ACT845 consists of eight D latches with TRI-STATE On the LE HIGH-to-LOW transition, the data that meets the 

outputs. The flip-flops appear transparent to the data when setup times is latched Data appears on the bus when the 

Latch Enable (LE) is HIGH. This allows asynchronous oper- Output Enables (OE, OE=, OE3) are LOW. When any one 

ation as the output transition follows the data in transition. of OE}, OEs or OE3 is HIGH, the bus output is in the high 
impedance state. 


Function Table 
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High Z 

High Z 
Latched 
Transparent 
Transparent 
Latched 
Preset 

Clear 

Preset 
Clear/High Z 
Preset/High Z 
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H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High impedance 
NC = No Change 


Logic Diagram 


Sen 


0, Os 0, 05 05 07 





TL/F/9896-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (Ij) 
—20mA 

Vy = : +20 mA 
DC Input Voltage (V)) —0.5V to Voc +0.5V 
DC Output Diode Current (Iox) 

Vo = —0.5V 

Vo = Vcc +0.5V 
DC Output Voltage (Vo) 
DC Output Source or Sink Current (Io) 
DC Voc or Ground Current 

Per Output Pin (Ico or IGnp) +50 mA 
Storage Temerature (TstG) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20 mA 
+20 mA 


—0.5V to Voc +0.5V 
+50mA 


Recommended Operating 


Conditions 

Supply Voltage (Vcc) 
“AC 2.0V to 6.0V 
"ACT 4.5V to 5.5V 


Input Voltage (Vj) OV to Vcc 
Output Voltage (Vo) OV to Vcc 


Operating Temperature (Ta) 
74ACT 
54ACT 


Junction Temperature (Ty) 
CDIP 175°C 
PDIP 140°C 


Input Rise and Fall Time 
(Note 2) (Typical) 
(Except Schmitt Inputs) (t,, tp 
Vin from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Voc @ 4.5V 10 ns/V 
Voc @ 5.5V 8ns/V 


Note 2: Individual data sheets for those devices which differ from the typical 
input rise and fall times noted here. 


— 40°C to +85°C 
—55°C to + 125°C 


DC Electrical Characteristics for "ACT Family Devices 


SPs 


74ACT 54ACT 74ACT 
Symbol Parameter Ta = 25°C a Conditions 
A~ See) ‘e + 125°C ast o. +85°C | (V) 
Vin Minimum High Level 
Input Voltage 


oe Guaranteed ya 
4.5 | Vout = 0.1V 
5.5 | orVcoc — 0.1V 
VIL Maximum Low Level 0.8 / 8 4.5 | Vout = 0.1V 
Input Voltage 0.8 0.8 5.5 | orVcc — 0.1V 
Minimum High Level 4.49 4.4 4.4 4.4 Vv 4.5 | lout = —50pA 
5.49 5.4 5.4 5.4 5.5 
Ties _ Vit ory Vin 
3.86 3.70 3.76 45 | lon —24 TA 
ror 4.70 4.76 5.5 —24mA 
Maximum Low Level ea, 001 0.1 Fa = 50 pA 
Output Voltage ea, 001 0.1 
EG = Vit or Vin 
0.36 0.50 0.44 4.5 | lot 24mA 
0.36 em 50 ca 44 5.5 24mA 
Maximum Input | ss | = Voc, GND 
Leakage Current | | #01 | } 01 q #1 | sto | ato 2 
Maximum TRI-STATE Vi = Vit. VIH 
cot __| Maximum Igc/Input es a ee Vi = Voo — 2.1V 


ee ee a ee ee 
cup | Ouput Curent ps0 [75 ma [8 | Vong = 9.05 in 


loc Maximum Quiescent A Vin = Voc 
Supply Current P or Ground (Note 1) 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note 1: Icg limit for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
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AC Electrical Characteristics: see Section 2 or Waveforms and Load Configurations 


74ACT 54ACT 74ACT 
ae é Ta = —55°C Ta = —40°C : 
Symbol Parameter Na 2b to +125°C to +85°C os 


teLH Propagation Delay 
Dn to Opn 


tpHL Propagation Delay 
D, to O7 


teLH Propagation Delay 
LE toO, 


tpHL Propagation Delay 
LE to O, 


teLH Propagation Delay 
PRE to O, 


tpHL Propagation Delay 
CLR to O, 


tpZH Output Enable Time 
OE to O7 


tpzL Output Enable Time 
OE to On 


tpHz Output Disable Time 
OE to O, 


tpLz Output Disable Time 





ng 
° 


OE to On 


teHL Propagation Delay 
PREtoO, — 


teLH Propagation Delay 
CLR to Op, 


*Voltage Range 5.0 is 5.0V +0.5V 


J 
° 


n 
oO 
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AC Operating Requirements: see Section 2 for Waveforms 


74ACT 54ACT 74ACT 
° Ta = —55°C Ta = —40°C 
Parameter LL eae is to + 125°C to + 85°C Vcc* 
C_ = 50 ht 
(V) 
| typ | | == Guaranteed Minimum = Minimum 


Setup Time, HIGH or LOW 
Dp, to LE 

Hold Time, HIGH or LOW 
Dy to LE 


| LePusowidtnHiGH | 20 | 35 | | 35 | ns | 5.0 
| PREPusewiatvow | 50 | a5 | | too | ns | 50 
| GiAPusewitnrow | ss | as | | 0 | ons | 50 
| PRERecoveyTime | _os | 20 | | 20 |ns_ | 50 
| GA RecoveyTime | _o | 10 | | tos | 80 


*Voltage Range 5.0 is 5.0V +0.5V 


































Capacitance 


Input | Input Capacitance _| | Vog = 5.0V | = 5.0V 


Power Dissipation 
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National 
Semiconductor 


54ACT/74ACT1016 
16 x 16 Parallel Multiplier 


General Description 


The 'ACT1016 is a high-speed, low power 16 x 16-bit paral- 
lel multiplier that is ideally suited for real-time digital signal 
processing applications. Fabricated using advanced 
FACT™ technology, the ’ACT1016 offers a very low power 
alternative and exceptional performance. 


The 'ACT1016 is a pin and functional replacement for 
TRW’s MPYO16H; the ’ACT1016 operates from a single 
Vcc supply and is compatible with standard TTL logic lev- 
els. 

The architecture of the ’ACT1016 features one 16-bit port 
dedicated to the X input registers (controlled by CLKX), one 
16-bit |/O port used for loading the Y input registers (con- 
trolled by CLKY) and for displaying the Least Significant 
Product (LSP), and one 16-bit output port multiplexed be- 
tween displaying the Least Significant Product (LSP) and 
the Most Significant Product (MSP). The I/O port direction is 
controlled by OEL and the output port TRI-STATE® control 
is controlled by OEP. The result is registered if FT is LOW 
(controlled by CLKL for the LSP and CLKM for the MSP) 
and unregistered if FT is held HIGH. 


Twos complement, unsigned magnitude and mixed mode 


multiplications are possible through the two’s complement X 


Ordering Code: see Section 5 


Logic Symbol 


X15 = Xo Ys = Yo CLKX CLKY CLKM CLKL 


TL/F/10143-3 





and Y mode controls, Xyq and Yy, respectively. These mode 
controls are registered, controlled by the input clocks CLKX 
and CLKY. 

Result rounding is controlled by the registered RND signal 
(controlled by both CLKX and CLKY). Selection of one of 
the two rounding modes is determined by the FA signal. 


Features 
w 16 x 16 parallel multiplier 
@ Selectable rounding modes 


= Twos complement, unsigned magnitude and mixed 
mode multiplication 


@ Pin and functionally compatible with TRW MPY016H 
mg Provides low voltage, high-speed operation 

mw Single Vcc supply 

m +2000V ESD protection 

m Outputs source/sink 8 mA 

@ TRI-STATE outputs 

gm 'ACT1016 has TTL-compatible inputs 


| PinNames | Description 


X15-Xo Multiplicand Data Inputs 
Yis-Yo Multiplier Data Inputs 
CLKX, CLKY Input Clocks 
Input Clock, MSP 
Input Clock, LSP 
Mode Control} Inputs 
Format Adjust Control 
Format Transparent Control 
TRI-STATE Enable, LSP Routing 
TRI-STATE Enable, Product 
Output Port 
Round Control, MSP 
MSP Select 
MSP Outputs 
LSP Outputs 
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Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP for PCC 
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NC 
CLKM 
OEP 

FA 

FT 
MSPSEL 
GND 
GND 
*Vo¢ 
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TL/F/10143-2 


TL/F/10143-1 
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Logic Diagram 


XM Xp7X; 5 RND YM Yor’; 5 
16 16 


REGISTER REGISTER REGISTER 


MULTIPLIER | 
ARRAY 


FORMAT ADJUST 
MSP LSP 
REGISTER REGISTER 


16 


MSPSEL MULTIPLIER 


TL/F/10143~4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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BINARY POINT 


[-20f2- sedan ao~dfansjo~efa-7a-efa-sja-0f2— sie tela- toa rela-1] Digit Value 


Yo 
j-20}2-te-ea- ao dan so-efa-7a-efa-sa-10}2- tip tela- top s4la-19] ig Value 


a |Poo| Pro Pea] Par] P2o| as] Po4| Pea] Pra| Pes | Pao| Pio| Pao] Pr | Pre| Pas Pre | Pio| Pre| Pix] Pro| Po | Pe | Pr | Pe | P| Pa | Po | Pe | Fr | Po [Sonal 
[-2ifa-fe-elanafada-sfp- eo“? acter 1fa- lass —20fa- telat se}a- tla sue~atfa-aafa saad asfa-2e2~2rfa-20]2—2]2-20igt Valu 


LSP 
Par|eo|Pes|Pe4|Pzo| Pa Poi| Pao |Pro| Pro | Par |Prs| Pis|Pr4 | Prs| Pie| Po [Pro] Po | Pe | P| Po | Ps | Pa | Fs | Pe | Ps | Fo | Sioa! 
ete ie oe ee Ae We eee eee Wesel se ee 2-2ef2- 202-29 pig Value 


FIGURE 1. Fractional Twos Complement Notation 


BINARY POINT 


sol Xara] X14 |X Xo | Xo | x7 | Xe | Xs | xa | % | Xe | | 0 | Sona 
a= te dla-afa-afe-ela-cfarfe-efa-afasola-fo-ta-tfateo-t82-14] dig Vat 


Yo | sional 
a= te-ale-efa-afa-sfe-efa-7fa-efa-ef-rolo- nfo tea tfa- tla tf2~1] ig Value 


_|Par] Poo] Poo] 0] Per| Poe] Pes| Poe P20] Poe | Pox P20 | Pre] Pre Pir] Pre| Pis| Pre | Pro | Piel Pri | Pro| Po | Pe | Pr | Fe | 5 | Pe | Pa | Pe | Ps | Fo | sional 
ects dle eee eee eof ofeseeefeae-e oohe Digit Value 


Mandatory 


FIGURE 2. Fractional Unsigned Magnitude Notation 


*In this format an overflow occurs in the attempted multiplication of the two complement number 1000 ... 0 with 1000.00 yielding an erroneous product of —1 in the fraction case and — 230 in the integer case. 
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BINARY POINT 


(Twos Complement) 


Yo | sionat 


(Unsigned Magnitude) 
=e-e-se- eee nfe-nia-ve- rfp abe 


P31 |Ps0|P2o|P2a| P27] Pas|Pas|P24|P20|Pz2| Por | Poo | Pro| Pie | Pr7 | Pie | Prs| Pre Pio| Pio| Pir | Pro| Po | Pe | Pr | Ps | Ps | Pa | Pe | Pe | Pi | Po | Sona 
—zt}a-ifa2fa-dfa-aja—sfa—ela-7fa-efa~dfa—ofa— tia t2la~tala-tela-te}a- tela t7}2~ tela tola-20}a~2i]2~22]2-20]2-2dla-2s]a2e]e—27]a~20}2—29|2~00]2~01] Digit Value 
MSP LSP 


Mandatory 
FIGURE 3. Fractional Mixed Mode Notation 


BINARY POINT 


Signal 
Digit Value 


Signal 
Digit Value 


Signal 


Digit Value 


[P19] Pro] Pr7| Pre] Pris |Pr4| P| Pre] Pix [Pro] Pe | Po | Pr | Po| Ps| Pa | Po | Pe | Ps | Po} Signal 
210] a1] av7] aro] a6 | are] ara] ase ans] aso] 20 | 28 | ar | 26 | 2s | 2+ | 20 | 2 | 21 | 20 Digit vate 
LSP 


FIGURE 4. Integer Twos Complement Notation 


LLE-Y 








BINARY POINT 















Signa! 
Digit Value 
x Signa! 
Digit Value 
P1e| Pis|Pra[Pro| Pre] P11 [Pio] Po | Pe | Pr | Pe | Ps | Px | Po| Pe | Ps | Po | Siona 
216 | 218 | are | ato] ata] att aro] 2 | 20 | 27 | 20 | 28 | 2¢ | 20 | 22 | 20 | 20 digtvaue [Fa = 1] 
MSP LSP Mandatory 
FIGURE 5. Integer Unsigned Magnitude Notation 
BINARY POINT 
e 
Signal 
wo's Complement) 
igit Value 
Signal 
X (Unsigned Magnitude) 
210] 29 | 26] 27 | 26 | 25 | 2+ | 20 | 22 | 21 | 20 | DiaitVatue 
P11} Pio] Po | Pel Pr | Ps|Ps| Pa] Pal Pe Ps | Po Sion 
2rt| 20] 20 | 26 | a7 | 26 | 25 | a | 28] 2e | 21 | 20 Digtvatolra= 1 
MSP LSP Mandatory 


FIGURE 6. Integer Mixed Mode Notation 


*In this format an overflow occurs in the attempted multiplication of the two’s complement number 1000. . . 0 with 1000.00 yielding an erroneous product of —1 in the fraction case and — 229 in the integer case. 
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Signal Descriptions 

Inputs 

Xin (X15~Xo) 

Sixteen multiplicand data inputs. 

Yin (Y15-Yo) 

Sixteen multiplier data inputs. This is also an output port for 
P15—Po. 

Input Clocks 

CLKX 


The rising edge of this clock loads the X;5—Xg data input 
register along with the X mode and round registers. 


CLKY 


The rising edge of this clock loads the Yy5-Yo data input 
register along with the Y mode and round registers. 


CLKM 


The rising edge of this clock loads the Most Significant 
Product (MSP) register. 


CLKL 

The rising edge of this clock loads the Least Significant 
Product (LSP) register. 

Controls 

Xm. Ym 

Mode control inputs for each data word. A LOW input desig- 


nates an unsigned data input, and a HIGH input designates 
twos complement. 


FA 


When the Format Adjust (FA) Control is HIGH, a full 32-bit 
product is selected. When this control is LOW, a left-shifted 


31-bit product is selected with the sign bit replicated in the 
Least Significant Product (LSP). This control is normally 
HIGH except for certain fractional twos complement appli- 
cations (see multiplier input/output formats). 


FT 


When the Format Transparent (FT) Control is HIGH, both 
the MSP and LSP registers are transparent. 
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OEL 

The OEL input is the TRI-STATE enable for routing LSP 
through Yjjn/LSPourt port. 

OEP 

The OEP is the TRI-STATE enable for the product output 
port. 

RND 

The Round control is used for the rounding of the MSP. 
When this control is HIGH, A ‘1’ is added to the Most Signifi- 
cant Bit (MSB) of the LSP. Note that this bit depends on the 
state of the format adjust (FA) control. 

If FA is LOW when RND is HIGH, a ‘1’ will be added to the 
2-16 bit (P44). If FA is HIGH when RND is HIGH, a ‘1’ will 
be added to the 2~15 bit (P45). In either case, the LSP 
output will reflect this addition when RND is HIGH. 

Note also that rounding always occurs in the positive direc- 
tion which may introduce a systematic bias. The RND input 
is registered and clocked in at the rising edge of the logical 
OR of both CLKX and CLKY. 

MPSEL 

When MPSEL is LOW, the Most Significant Product (MSP) 
is selected. When HIGH, the Least Significant Product (LSP) 
is available at the product output port. 


Outputs 

MSP (P31—-P 46) 

The MSP is the Most Significant Product output. 

LSP (P15~-Po) 

The LSP is the Least Significant Product output. 
Y15-0/LSPout (Y15-Yo or P15-Po) 

This is the Least Significant Product (LSP) output available 
when OEL is LOW. It is also an input port for Y45-Yo. 
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Absolute Maximum Ratings* Recommended Operating 


Supply Voltage (Vcc) —0.5V to +7.0V Conditions 
DC input Diode Current (1)x) Supply Voltage (Vcc) 4.5V to 5.5V 

V, = 0.5 —20 mA (Unless Otherwise Specified) 

Vi = Voc + 0.5 +20 mA Input Voltage (V)) OV to Veg 
DC Input Voltage (V)) —0.5V to Voc + 0.5V Output Voltage (Vo) OV to Voc 
DC Output Diode Current (lox) Operating Temperature (Ta) 

Ways bane Ho 74ACT —40°C to +85°C 

0 = Voc + 0. Ut 54ACT —55°C to + 125°C 
DG input Voltage (Vo) eo a Maximum Slew Rate (S;) 
DC Output Source or Sink (except for Schmitt Inputs) 

Current; per Output Pin £15mA VIN 0.8V to 2.0V 
DC Vco or Ground Current Vmeas 0.8V to 2.0V 

per Output Pin (Icc) or (IGnp) +20 mA Vcc @ 4.5V 10 ns 
Storage Temperature (TsTa) —65°C to + 150°C Voc @ 5.5V 8ns 


*Absolute maximum ratings are those values beyond which damage to the 
device may occur. Functional operation under these conditions is not im- 
plied. 


DC Characteristics over Operating Temperature Range (unless othemise specified) 


Symbol Parameter ane) acid Conditions 
Guaranteed Limit 


Maximum Input +04 £40 aK Voc = Max, Vin = Voc, GND 
Leakage Current 


loz {Maximum TRISTATE Curent | | +05 | +50 | pA | HighZ, Voc = Max, Vout = Voc, GND 


loca Supply Current, Quiescent se Voc = Max, Vin = 0V 
TSL, TSM, TSX = Max 


locp Supply Current, 12.4 MHz Loaded aii Voc = Max, f = 12.4 MHz 
Test Load: See Note 1 

locp Supply Current, 20 MHz Loaded Voc = Max, f = 20 MHz 
Test Load: See Note 1 


Vox" | Minimum HIGH Level Output — | 4.49 | + Vin = Vic or Vien lout = —50 BA, Voc = 4.5V 
pee at Vin — Vitor Vis four = 80 nAVco — 5.SY 
|| see | 376 | Vv | ton = -8mA, Voc = 4.8V 

|| 46 | 476 | B | lon = -8mA, Voc = 5.5V 

[Maximum HIGH Level Output [0.001] 0.1 | 04 | V_| Vin = ViLorVi tour = 50 HA, Voc = 4.5V 


Fa) ee Be Vin = Vitor Vitg lour = 50 wAVoo = 5.5V 
nae lo. = 8 MA, Voc = 4.5V 
|B | lo, = 8MA, Voc = 5.5V 


lob Minimum Dynamic Output Current rae aS Voc = 5.5V, VoLp = 2.2V Max (Note 2) 
lox _| Minimum Dynamic Output Current} | | -32- | ~mA | Voc = 5.5V, Voup = 3.3V Min (Note 2) 
lect _| Maximum Ioc/Input fos | | 45 [| mA | Vin=Voo - 2.1V 


Note 1: Test Load 50 pF, 500M to Ground. 
Note 2: Only one output loaded at one time, maximum duration of test 2 ms. 
*All outputs loaded. 
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AC Characteristics 


74ACT . 


tuuc Unclocked Multiply Time 


tc __ Clocked Multiply Time i 


Ta= 
80.0 
1.5 13.0 
5 : 
5 . 
1.5 : 
15 B 
1.0 


2-3, -9 
2-3, -9, -10 
2-3, -9 
2-3, -9 
2-3, -9 
2-3, -8 
2-3, -8 


5 


—_ 
ao 


tppSEL MSPSEL to Product Out 

tepp Output Clock to P 

tppy Output Clock to Y 

tENA TRISTATE Enable Time (Note 2) 

tors TRI-STATE Disable Time (Note 2) 4.5 

ian Clock LOW Hold Time CLKXY Fe. 
Relative to CLKML (Note 1) 


ts Setup Time X, Y, RND 


th Hold Time X, Y, RND [ 400s 2.3,-7,-9. 
tw Clock Pulse WidthHIGHorLow | 35 | 2-3, -9 


Note 1: To ensure that the correct product is entered in the output registers, new data may not be entered into the registers before the output registers have been 
clocked. 


Note 2: Transition is measured to +500 mV from steady state voltage with loading specified in Figure 2-3. 


1 
1 


no 
2 
° 


_ 
Nh 
a 


2-3, -9, -10 


2-3, -7, -9 


Capacitance 


[Symbol| Parameter __| Max | Units | Conditions| 


[Cour _| Output Capacitance] 6.0 | pF_| Vour = ov] 


Timing Diagrams 





DATA 
INPUT 


CLOCK 
INPUT 


TL/F/10143-5 
Note: Diagram shown for HIGH data only. Output transition may be opposite sense. 


FIGURE 7. Setup and Hold Time 


TRI~STATE 
CONTROL 


tena 
OUTPUT HIGH IMPEDANCE 


TRISTATE 
TL/F/10143-6 


FIGURE 8. TRI-STATE Control Timing Diagram 
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Timing Diagrams (Continued) 


 cuGRaaE SaaRiGORES: PAAR. MES 


+6664°0'4'454;0.050'0'0 050,0.0.0.0.0.0.0.0.6°66.66660660'4-4505000.0.0.06 0006: 
tt tltstatatatatatatatatatatattiiiiiiliy! 


+66 06 66,660;6°6'6'0°0°0'4'4'05050'0.0.0.6°654;6505656'0'6'0°0'4'4'6'6'4:4°4'4:6'050'0'0'0:0.0.0.0-0.6060004 
OUTPUT YAH KKK KKK KKK) 


[+ — ‘ror 


tyuc 


1+— tense. 


Wes | \AAAAAAAAAAAAAAAAAAAAAAY 


00,00,0,6.0.0.6.6,0,6,6,66°6°6'4°0°4°0'4'0'0°0°0.6.0.6°6.66°6.6'6566664060'4'6'0'4'4'4'4'454'074:0.0505050506.6:04 
TN Nrrsraralalalalaleleececacacetaratatatataratararararararararereeracacerscerersceececeteretetatataratatararararararay 


TL/F/10143-7 
FIGURE 9.’1016 Timing Diagram 


CLK ~— J LJ LJ Le 


CT TI RECEIVE MSP OR LSP 1 


DATA OUTPUT 
TO MSP, LSP 
REGISTERS REGISTERS 


=f — tet 
pee _RECEIVE MSP OR LSP_ | 


DATA INPUT DATA OUTPUT 
TO X,Y TO MSP, LSP 
REGISTERS REGISTERS 
TL/F/10143-8 
FIGURE 10. Simplified Timing Diagram—Typical Application 
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54ACT/74ACT1110 
Single Port 16 x 16 Bit Multiplier/Accumulator 


General Description 


The ’ACT1110 is pin and functionally compatible with the 
ADSP-1110 from Analog Devices. With a computational 
bandwidth exceeding 12 MHz, the ’ACT1110 is highly 
adapted to applications like digital filters, FFT’s, and other 
signal processing applications. Its single bus structure also 
allows for the use of 28-pin DIP packages which significantly 
reduce cost as compared to existing 3-port multipliers. 


All inputs to and outputs from the device pass through its 
single 16-bit 1/O port. An internal pipeline register enables a 
new input to be loaded as the previous multiply/accumulate 
instruction is executed. A 6-bit microcoded word controls 
the device with I/O and MAC instructions. Data inputs to the 
*ACT1110 can be 2’s complement or unsigned magnitude 
numbers. 


A multiply or MAC operation requires two cycles to com- 
plete. Multiplier products are accumulated in a 40-bit Multi- 
plier Result Register. Overflow from the lower 32 bits of this 
register into the upper 8 extended bits can be monitored 
externally. The outputs can be saturated to full scale upon 
overflow. Two round control inputs implement rounding con- 
sistent with output formatting. 


Connection Diagram 


ADVANCE INFORMATION 


The device also offers the capability to left-shift the Multipli- 
er Result Register upon output. This flexibility allows full 
32-bit precision in 2’s complement multiply. It also provides 
a means for maximizing resolution when using block floating 
point, and when upscaling or downscaling 2’s complement 
results. 


Features 

m 16 x 16 Single port multiplier/accumulator 

@ High speed—computational bandwidth 
12 MHz 

m Selectable accumulation, subtraction, rounding and pre- 
loading with a 35-bit result 

m@ Pin and functionally compatible with the analog devices 
ADSP-1110 high drive (8 mA) output capability 

m Low power consumption (less than 250 mW typical)— 
less than 7% of the power of compatible bipolar and 
14% of the power of NMOS designs 

@ Inputs and outputs directly TTL-compatible 

m Single Voc supply 

m +2000V ESD protection 


exceeding 


Pin Assignment 
for DIP, Flatpak and SOIC 


oanoark wai nye ~* 


TL/F/10142-1 
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Logic Diagram 
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2708 


National 
Semiconductor 


54AC/74AC2708e54ACT/74ACT2708 
64 x 9 First-In, First-Out Memory 


General Description 


The ’AG/’ACT2708 is an expandable first-in, first-out memo- 
ry organized as 64 words by 9 bits. An 85 MHz shift-in and 
60 MHz shift-out typical data rate makes it ideal for high- 
speed applications. It uses a dual port RAM architecture 
with pointer logic to achieve the high speed with negligible 
fall-through time. 

Separate Shift-In (SI) and Shift-Out (SO) clocks control the 
use of synchronous or asynchronous write or read. Other 
controls include a Master Reset (MR) and Output Enable 
(OE) for initializing the internal registers and allowing the 
data outputs to be TRI-STATE®. Input Ready (IR) and Out- 
put Ready (OR) signal when the FIFO is ready for I/O oper- 
ations. The status flags HF and FULL indicate when th 
FIFO is full, empty or half full. 
The FIFO can be expanded to provide different word 
lengths by trying off unused data inputs. 


Features 


m 64-words by 9-bit dual port RAM organization 
m@ 85 MHz shift-in, 60 MHz shift-out data rate, typical 


Ordering Code: see sections 
Logic Symbol 


Pin Assignment 
for DIP and Flatpak 


CR Po % Dz Os Dy Ds Dg D7 Dg ip 
OR 
HF 
OPE 05 0; 02 Os Oy Os Og O7 Og FULL 


TL/F/10144—1 


| PinNames | Description 


Data Inputs 

Master Reset 
Output Enable Input 
Shift-In 


oon anerwanhn ~ 


Shift-Out 
Input Ready 
Output Ready 
Half Full Flag 
Full Flag 
Data Outputs 





m Expandable in word width only 

m ACT2708 has TTL-compatible inputs 

m@ Asynchronous or synchronous operation 

m Asynchronous master reset 

@ Outputs source/sink 8 mA 

@ TRI-STATE outputs 

@ Full ESD protection 

™ Input and output pins directly in line for easy board 
layout 

mw TRW 1030 work-alike operation 


Applications 

@ High-speed disk or tape controllers 
mg A/D output buffers 

@ High-speed graphics pixel! buffer 

m Video time base correction 

@ Digital filtering 


Pin Assignment 
for LCC and PCC 
Dg Ds Dy Dz Dy 0; Dy 
FOE} HS) 





Bo 2 B2] 23 24 Bs) 
Q, Og Qs Q2 Q; Oy OR 
TL/F/10144-3 


TL/F/10144-2 
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Block Diagram 


INPUT REGISTER 


64x9 
RAM ARRAY - 


oi 
ro) 
fe 
z 
3 
ra) 
E 
S 
a 


TRI-STATE® 
BUFFER 


TL/F/10144-4 
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Functional Description 
INPUTS 


Data Inputs (Dp-Dg) 

Data inputs for 9-bit wide data are TTL-compatible. Word 
width can be reduced by trying unused inputs to ground and 
leaving the corresponding outputs open. 


Reset (MR) 


Reset is accomplished by pulsing the MR input LOW. During 
normal operation MR is HIGH. A reset is required after pow- 
er up to guarantee correct operation. On reset, the data 
outputs go LOW, IR goes HIGH, OR goes LOW, FH and 
FULL go LOW. During reset, both internal read and write 
pointers are set to the first location in the array. 


Shift-In (S1) 


Data is written into the FIFO by pulsing SI HIGH. When 
Shift-In goes HIGH, the data is loaded into an internal data 
latch. Data setup and hold times need to be adhered to with 
respect to the falling edge of S!. The write cycle is complete 
after the falling edge of SI. The shift-in is independent of any 
ongoing shift-out operation. After the first word has been 
written into the FIFO, the falling edge of Sl makes HF go 
HIGH, indicating a non-empty FIFO. The first data word ap- 
pears at the output after the falling edge of SI. After half the 
memory is filled, the next rising edge of SI makes FULL go 
HIGH indicating a half-full FIFO. When the FIFO is full, any 
further shift-ins are disabled. 

When the FIFO is empty and OE is LOW, the falling edge of 
the first SI will cause the first data word just shifted-in to 
appear at the output, even though SO may be LOW. 


Shift-Out (SO) 


Data is read from the FIFO by the Shift-Out signal provided 
the FIFO is not empty. SO going HIGH causes OR to go 
LOW indicating that output stage is busy. On the falling 
edge of SO, new data reaches the output after propagation 
delay tp. If the last data has been shifted-out of the memory, 
OR continues to remain LOW, and the last word shifted-out 
remains on the output pins. 


Output Enable (OE) 

OE LOW enables the TRI-STATE output buffers. When OE 
is HIGH, the outputs are in a TRI-STATE mode. 

OUTPUTS 


Data Outputs (Op-Og) 


Data outputs are enabled when OE is LOW and in the TRI- 
STATE condition when OE is HIGH. 


Input Ready (IR) 

IR HIGH indicates data can be shifted-in. When SI goes 
HIGH, IR goes LOW, indicating input stage is busy. IR stays 
LOW when the FIFO is full and goes HIGH after the falling 
edge of the first shift-out. 
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Output Ready (OR) 


OR HIGH indicates data can be shifted-out from the FIFO. 
When SO goes HIGH, OR goes LOW, indicating output 
stage is busy. OR is LOW when the FIFO is reset or empty 
and goes HIGH after the falling edge of the first shift-in. 


Half-Full (HF) 


This status flag along with the FULL status flag indicates the 
degree of fullness of the FIFO. On reset, HF is LOW; it rises 
on the falling edge of the first SI. The rising edge of the SI 
pulse that fills up the FIFO makes HF go LOW. Going from 
the empty to the full state with SO LOW, the falling edge of 
the first SI causes HF to go HIGH, the rising edge of the 
33rd SI causes FULL to go HIGH, and the rising edge of the 
64th SI causes HF to go LOW. 

When the FIFO is full, HF is LOW and the falling edge of the 


first shift-out causes HF to go HIGH indicating a “‘non-full” 
FIFO. 


Full Flag (FULL) 

This status flag along with the HF status flag indicates the 
degree of fullness of the FIFO. On reset, FULL is LOW. 
When half the memory is filled, on the rising edge of the 
next SI, the FULL flag goes HIGH. It remains set until the 
difference between the write pointer and the read pointer is 
less than or equal to one-half of the total memory of the 
device. The FULL flag then goes LOW on the rising edge of 
the next SO. 


Status Flags Truth Table 


HF FULL Status Flag Condition 
L L 


Empty 
Full 


<32 Locations Filled 
> 32 Locations Filled 


HIGH Voltage Level 
LOW Voltage Level! 


Reset Truth Table 


HF FULL 0 -Os 


xX xX 
L L 
IGH Voltage Level 


OW Voltage Level 
mmaterial 





Functional Description (Continued) 
MODES OF OPERATION 


Mode 1: Shift In Sequence for FIFO Empty to Full 
Sequence of Operation 


1. Input Ready is initially HIGH; HF and FULL flags are 
LOW. The FIFO is empty and prepared for valid data. OR 
is LOW indicating that the FIFO is not yet ready to output 
data. 


. Shift-In is set HIGH, and data is loaded into the FIFO. 
Data has to be settled t, before the falling edge of S! and 
held tp, after. 


. Input Ready (IR) goes LOW propagation delay ti, after SI 
goes HIGH: input stage is busy. 


Ist PULSE 


DATA VALID 


OR 
tons 


1st DATA WORD 


Dg~ 9g 


Note: SO and OE are LOW; MRA is HIGH. 


4. Shift-In is set LOW; IR goes HIGH indicating the FIFO is 


ready for additional data. Data just shifted-in arrives at 
output propagation delay tops after SI falls. OR goes 
HIGH propagation delay tion after S! goes LOW, indicat- 
ing the FIFO has valid data on its outputs. HF goes HIGH 
propagation delay tie after SI falls, indicating the FIFO is 
no longer empty. 


. The process is repeated through the 64th data word. On 
the rising edge of the 33rd SI, FULL flag goes HIGH prop- 
agation delay tj after SI, indicating a half-full FIFO. HF 
goes LOW propagation delay tir after the rising edge of 
the 64th pulse indicating that the FIFO is full. Any further 
shift-ins are disabled. 


33rd PULSE 64th PULSE 


tHe - 
tir 
i 


(i 


——— SS 


ee ce a 


re eran Pn Ore 


TL/F/10144-5 


FIGURE 1. Modes of Operation Mode 1 
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Functional Description (Continued) 


Mode 2: Master Reset 
Sequence of Operation 


1. 


Input and Output Ready, HF and FULL can be in any 
state before the reset sequence with Master Reset (MR) 
HIGH. 


. Master Reset goes LOW and clears the FIFO, setting up 


all essential internal states. Master Reset must be LOW 
pulse width tyrRw before rising again. 


. Master Reset rises. 


XXXKXXXXKXKKAXKKAKX AKA 


4. 


IR rises (if not HIGH already) to indicate ready to write 
state recovery time tyrinH after the falling edge of MR. 
Both HF and FULL will go LOW indicating an empty FIFO, 
occurring recovery times tyre and tyro respectively af- 
ter the falling edge of MR. OR falls recovery time tyrRoAL 
after MR falls. Data at outputs goes LOW recovery time 
tMRONL after MR goes LOW. 


. Shift-In can be taken HIGH after a minimum recovery 


time tyrsiy after MR goes HIGH. 


twRSIH 


MR i 
VVV YYVYYV 


R KXXXXXKXKIA AKAIKE) 


XXXXXXKXXXXX) 


XXXXXXXXXXKXXKXKKXAAX AXA KAA KX G 
KKK XXX IKK KKK 2 


XXXXXXXXXX 


tMRONL 


KXXXXKXXXXKXKKXAAXAKAAAXY) a 


TL/F/10144-6 


FIGURE 2. Mode of Operation Mode 2 
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Functional Description (Continued) 


Mode 3: With FIFO Full, Shift-In is Held HIGH 3. Input Ready goes HIGH one fall-through time, te7, after 
in Anticipation of an Empty Location the falling edge of SO. Also, HF goes HIGH one tor after 
Sequence of Operation SO falls, indicating that the FIFO is no longer full. 


1. The FIFO is initially full and Shift-In goes HIGH. OR is 4. IR returns LOW pulse width tip after rising and shifting 
initially HIGH. Shift-Out is LOW. IR is LOW. new data in. Also, HF returns LOW pulse width tar after 


2. Shift-Out is pulsed HIGH, Shift-Out pulse propagates and ising, indicating the FIFO is once more full. 
the first data word is latched on the rising edge of SO. OR 5. Shift-In is brought LOW to complete the shift-in process 
falls on this edge. On the falling edge of SO, the second and maintain norma! operation 
data word appears after propagation delay tp. New data 
is written into the FIFO after SO goes LOW. 


FULL 


| XW ata) 


1st WORD 2nd WORD 


TL/F/10144-7 
Note: MR and FULL are HIGH; OE is LOW. 
FIGURE 3. Modes of Operation Mode 3 
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Functional Description (Continued) 


Mode 4: Shift-Out Sequence, FIFO Full to Empty 
Sequence of Operation 


1. 


2. 


FIFO is initially full and OR is HIGH, indicating valid data 
is at the output. IR is LOW. 

SO goes HIGH, resulting in OR going LOW one propaga- 
tion delay, tor, after SO rises. OR LOW indicates output 
stage is busy. 


. SO goes LOW, new data reaches output one propagation 


delay, tp, after SO falls; OR goes HIGH one propagation 
delay, tor, after SO falls and HF rises one propagation 
delay, tor, after SO falls. IR rises one fall-through time, 
try, after SO falls. 


1st PULSE 


09-08 


FULL 


Note: SI and OE are LOW; MA is HIGH; Do-Dg are immaterial. 
FIGURE 4. Modes of Operation Mode 4 
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4. Repeat process through the 64th SO pulse. FULL flag 


goes LOW one propagation delay, tor, after the rising 
edge of 33rd SO, indicating that the FIFO is less than half 
full. On the falling edge of the 64th SO, HF goes LOW 
one propagation delay, tog, after SO, indicating the FIFO 
is empty. The SO pulse may rise and fall again with an 
attempt to unload an empty FIFO. This results in no 
change in the data on the outputs as the 64th word stays 
latched. 


33rd PULSE 64th PULSE 


toe 


TL/F/10144-8 





Functional Description (Continued) 
Mode 5: With FIFO Empty, Shift-Out is Held HIGH 
in Anticipation of Data 

Sequence of Operation 

1. FIFO is initially empty; Shift-Out goes HIGH. 


2. Shift-In pulse loads data into the FIFO and IR falls. HF 
rises propagation delay tx; after the falling edge of SI. 


3. OR rises a fall-through time of t-7o after the falling edge 
of Shift-In, indicating that new data is ready to be output. 


4. Data arrives at output one propagation delay, tops, after 
the falling edge of Shift-In. 

5. OR goes LOW pulse width top after rising and HF goes 
LOW pulse width tx3 after rising, indicating that the FIFO 
is empty once more. 

6. Shift-Out goes LOW, necessary to complete the Shift-Out 
process. 


tons 


— 
|) 


NEW DATA 


(rev own |) 


txt tx3 
TL/F/10144-9 


Note: FULL is LOW; MR is HIGH; OE is LOW; tpor = trto — tops. Data output transition—valid data arrives at output stage tpor after OR is HIGH. 
FIGURE 5. Modes of Operation Mode 5 
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FIFO Expansion 


Word Width Expansion 


Word width can be increased by connecting the corre- 
sponding input control signals of multiple devices. Flags can 
be monitored to obtain a composite signal by ANDing the 
corresponding flags. 


DIN (9~17) 


FULL 2 


Note: AND the corresponding flags to obtain a composite signal. 


FIGURE 6. Word Width Expansion—64 x 18 FIFO 
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DOUT (9-17) 


COMPOSITE 
I 


COMPOSITE 
0 
COMPOSITE 


COMPOSITE 


TL/F/10144-10 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specifled devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Diode Current (Ii) 

V, = —0.5V 

= Vcc + 0.5V 

DC Input Voltage (Vj) 
DC Output Diode Current (lox) 

Vo = —0.5V 

Vo = Voc + 0.5V 
DC Output Voltage (Vo) 
DC Output Source or Sink Current (Io) 


DC Vcc or Ground Current 
per Output Pin (loc or Iqnp) +32mA 


Storage Temperature (Tstq) —65°C to + 150°C 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


—20mA 
+20mA 


—0.5V to Voc + 0.5V 


—20 mA 
+20mA 


—0.5V to Voc + 0.5V 
+32 mA 


Recommended Operating 


Conditions 
Supply Voltage (Vcc) 
"AC 


2.0V to 6.0V 
4.5V to 5.5V 


OV toVcc 
OV to Vcc 


‘ACT 
Input Voltage (Vj) 
Output Voltage (Vo) 


Operating Temperature (Ta) 
74AC/ACT 
54AC/ACT 


Junction Temperature (Ty) 
CDIP 
PDIP 


Input Rise and Fall Time (t,, t) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 
VIN from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Voc @ 4.5V 10 ns/V 
Voc @ 5.5V 8ns/V 


Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 


—40°C to + 85°C 
—§5°C to + 125°C 


175°C 
140°C 


DC Characteristics for "AC Family Device 


74AC 


Vcc 


Symbol 
: (V) 


Parameter Ta = 25°C 


Typ 

1.5 
2.25 
2.75 


1.5 
2.25 
2.75 


2.99 
4.49 
5.49 


Vin Minimum High Level 


Input Voltage 


Maximum Low Level 
Input Voltage 


VIL 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 


Maximum Input 
Leakage Current 


Maximum TRI-STATE 
Leakage Current 





ok 


| sarc | _74ac 


Ta = —55°C 


Guaranteed Limits 
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Ta = —40° 


to +85°C Conditions 


to + 125°C 


2.1 
3.15 
3.85 


0.9 
1.35 
1.65 


2.9 
4.4 
5.4 


2.1 
3.15 
3.85 


0.9 
1.35 


Vout = 0.1V 
or Voc —0.1V 


Vout = 0.1V 
or Voc —0.1V 


louT = —50 pA 


Oh 
ARO 


"Vin = Vitor Vin 
—12mA 
—24mA 
—24mA 


2.4 
3.7 
4.7 


0.1 
0.1 
0.1 


lon 


Por 
NN 
o o 


lout = 50 pA 


ese 
—_— — Ab 


*Vin = Vitor Vin 
12mA 
24mA 
24mA 


Vi = Voc GND 


0.50 
0.50 
0.50 


lot 


£1.0 


H 
on 
° 
= 
> 


V\(OE) = Vit, Vin 
Vi = Voc, GND 
Vo = Vcc, GND 
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DC Characteristics for ’AC Family Device (Continue) 


ie 74K 
Ta = —55°C Ta = —40° 
Parameter to +125°C to +85°C Conditions 


TMinimum Dynamic Votp = 1.65V Max 
Output Current Voup =3.85V Min 
Maximum Quiescent 

Supply Current 

Supply Current f = 20 MHz 

20 MHz Loaded (Note 4) 


*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 20 ms, one output loaded at a time. 

Note: lin, and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vcc. 
loc for 54AC @ 285°C is identical to 74AC @ 26°C. 

Note 4: Test load 50 pF, 5002 to ground. 





DC Electrical aaa for "ACT Family Devices 


| s4acT 54ACT 74ACT 


Vcc Ta = —55°C Ta = —40° 
Symbol Parameter (v) = 28°C to + 125°C to +85°C 


Guaranteed Limits 
Vi Minimum High Level 2.0 2.0 2.0 VouT = 0.1V 
Input Voltage 2.0 2.0 2.0 or Voc —0.1V 
VIL Maximum Low Level i Ey 0.8 0.8 0.8 Vout = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Voc —0.1V 
Minimum High Level 4.5 4.49 4.4 4.4 4.4 Vv lout = —50 pA 
5.5 5.49 5.4 5.4 5.4 
"VIN = Vit Or Vin 
4.5 3.86 3.70 3.76 lou —8mA 
rae 5 4.86 4.70 4.76 —8mA 
Maximum Low Level 0.001 0.1 0.1 louT = 50 pA 
Output Voltage 0.001 0.1 0.1 
*ViIN = Vit Or ViIH 
4.5 0.32 0.40 0.37 lo. 8mA 
rae 5 aa 32 eae 40 cei 37 8mA 
AN | £01 | ato 0 +1 | tt0 | Vi = Voc, GND 


loz ae Vi = Vins Vin 
TRI-STATE Current ; ; : Vo = Voc, GND 


icon Madimumn lee tinput pro [| ie | ns | m_| i= Voo-24v 
lop _| Maximum Dynamic ae Voup = 1.65V 
lonD Output Current VoD = 3.85V 
loc Maximum Quiescent Vin = Voc 
Supply Current or GND 
Iccp Supply Current f = 20 MHz 
20 MHz Loaded (Note 4) 


*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Notes: Icc limit for 54ACT @ 25°C is identical to 74ACT @ 25°C. 
When MR is low with SO High, Icg > 1.5 mA. 
Note 4: Test load 50 pF, 5002 to ground. 


Conditions 
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AC Characteristics 


Ta = —58°C Ta = —40°C 
to + 125°C to + 85°C 
CL = 50 pF CL = 50 pF 


| Min Typ Max | Min Max | Min Max_| 
Propagation Delay, tir om a 16.5 18.5 
SI to!R 11.5 12.5 
Propagation Delay, tin 14.0 16.0 
SI to IR 10.0 11.0 
Propagation Delay, tj4F 45 120 23.5 4.5 27.0 
SI to > HF 3.0 8.0 15.5 3.0 18.0 
Propagation Delay, tr 5.0 11.5 22.0 5.0 25.0 
SI! to Full Condition 3.5 8.0 15.0 3.5 17.0 
Propagation Delay, tye ' 45 115 23.5 4.5 26.5 
SI to Not Empty 3.0 8.0 15.5 3.0 17.5 
Propagation Delay, tion a ee 30.5 34,5 
SI toOR 20.0 23.0 
Propagation Delay tyrRiRH ie 2 21.5 23.5 
MR to IR 14.5 16.0 
Propagation Delay, tyrRor- 18.5 35.5 41.0 
MR to OR a6 12.0 23.0 6.0 26.5 
Propagation Delay tyro 4.0 9.0 18.0 4.0 21.5 
MR to Full Flag 25 65 12.5 2.0 15.0 


Propagation Delay tyre a ; 20.0 39.5 44.5 
MR to HF Flag 13.5 26.0 29.5 


Propagation Delay, tyRoNnL 19.5 21.5 
MR to O,, LOW 14.0 15.5 


Ta = +25°C 


Parameter C. = 50 pF 


IR Pulse Width, t}p 3.3 | 17.0 37.5 69.0 79.5 
15.0 220 40.5 48.0 


5.0 

HF Pulse Width tae 18.0 40.0 71.5 ‘ 84.0 

16.0 23.0 42.0 : 50.5 

teLH Propagation Delay, tp 7.0 20.5 41.5 7.0 47.5 
SO to Data Out 55 13.5 26.0 5.0 31.0 

teHL Propagation Delay, tp 7.0 225 43.5 7.0: 50.5 
SO to Data Out 5.5 14.5 28.0 5.5 32.5 

teHL Propagation Delay, tour 4.0 90 17.5 4.0 20.5 
SO to < HF 2.5 6.5 12.0 2.0 14.0 

tpLy Propagation Delay, tor 55 14.5 29.0 5.5 33.0 
SO to Not Full 40 10.0 19.0 4.0 22.0 

tpLH, tpHL_ | Propagation Delay, tor 3.0 8.5 17.0 3.0 19.5 
SO to OR 2.0 5.5 12.0 1.5 13.0 


*Voltage Range 3.3 is 3.3V + 0.3V 
*Voltage Range 5.0 is 5.0V + 0.5V 
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AC Characteristics (Continued 


Symbol Parameter ae 


tPHL 


tPLH 


tPHL 


tPLH 


tPLH 


tw 


tw 


tPLH 


tpzL 


tpLz 


tpZH 


tpHz 


Propagation Delay, tog 
SO to Empty 


Propagation Delay, = es 
SI to New Data Out 


ip i 20.5 

14.0 
225 44.5 
15.5 30.0 


Ta = —55°C 
to + 125°C 
a ee = 50 pF 


Propagation Delay, tops 7.5 21.5 42.0 
S! to New Data Out 6.0 14.5 28.5 
Propagation Delay, tx, 4.0 11.5 23.0 
SI to HF 2.5 8.0 15.5 
Fall-Thourgh Time, teto 4.0 15.5 30.5 
SI to OR 3.0 10.5 20.0 
OR Pulse Width, top 13.0 235 42.0 
10.0 13.5 25.5 
HF Pulse Width, txg 15.0 27.0 49.5 
12.0 16.0 30.0 
Fall-Through Time, tery 19.0 37.0 
SO to IR se 12.5 240 
Output Enable 25 7.0 414.0 
OE to On 1.5 5.0 40.0 
Output Disable : 2.0 45 9.0 
OE to On 
Output Enable 16.5 
OE to On 11.5 
Output Disable 13.0 
OE to O, 10.0 


Maximum SI 35.0 

Clock Frequency 60.0 

Maximum SO 25.0 

Clock Frequency 45.0 
*Voltage Range 3.3 is 3.3V + 0.3V 
*Voltage Range 5.0 i is 5.0V + 0.5V 
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mac | anc | 74a 


Ta = —40°C 
to +85°C 


14.0 
11.0 


6.0 
4.5 


2.0 
1.0 


1.5 


30.0 
50.0 


C,_ = 50 pF 





23.5 
16.0 


53.5 
35.0 


48.5 
33.0 


26.0 
17.5 


34.5 
23.0 


48.5 
29.5 


57.0 
34.5 


42.5 
27.5 


16.0 
11.0 


9.5 


18.5 
13.0 


13.5 
11.0 






Fig. 
No. 


AC Characteristics (Continued) 


Ta = —55°C Ta = —40°C 
Symbol Parameter Ta eS to + 125°C to + 85°C 
See ae 
| Min Typ Max | 


teLH Propagation Delay, tin 
SI to IR 
tPHL Propagation Delay, tin 
SI to IR 2 xt 
tPLH Propagation Delay, ty 
Sl to > HF 40 105 17.0 4.0 19.5 
tpHL Propagation Delay, tir ; 
: F 6. 4:5 19.5 
SI to Full Condition oo We 1S 
tpLH Propagation Delay, tie 
SI to Not Empty 40 10.0 15.5 4.0 17.5 
teLH Propagation Delay, tion 
S! to OR 
tPLH Propagation Delay tyriRH 
MR to IR 


tPHL Propagation Delay, tyRort 
MR to OR 


tPHL Propagation Delay, tyro ric 


MR to Full Flag 


tPHL Propagation Delay, tyre 
MR to HF Flag 


tpHL Propagation Delay, twRonL 
MR to On, LOW 


tw IR Pulse Width, tip | 5.0 | 


tw HF Puise Wiuii, ig¢ 








tPLH Propagation Delay, tp 
SO to Data Out 

tpHL Propagation Delay, tp 
SO to Data Out 


tpHL Propagation Delay, tour 
SO to < HF 


tPLH Propagation Delay, tor 
SO to Not Full 


tpLH, tpH_ | Propagation Delay, tor 
SO to OR 
*Voltage Range 5.0 is 5.0V + 0.5V 
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8022 


2708 


AC Characteristics (Continue 


74ACT 54ACT 74ACT 
Symbol Parameter "Vee 
(V) 


Ta = —55°C Ta = —40°C 
to + 125°C to +85°C 
C._ = 50 pF C_ = 50 pF 


Ta = +25°C 
C. = 50 pF 





Min Typ Max 


| | Min Max | 
wea | Eraationostvice | so [as as iss] | gots | me | 
wx | Gemeatendvantoos | so | x0 100 os] | ao aes | om | 
iva | Renmastontaer toot | so | 70 woo zs] | aos | mm 
mx | EaktwoisrTingtrro | so [as was ao] | ts 240 | oe | 


tw OR Pulse Width, top 25 170 20| °° & | 125 305 | ns | 
tw HF Pulse Width, tx3 145 205 905| °° | 145 965 | ns | 


Fall-Through Times, tery 
SO to IR 


Output Enable 

OE to Op, 
Output Disable 1 
OE to On 


a 
a 


Output Enable 

OE to O7 

Output Disable 

OE to O, 
fs; Maximum SI 

Clock Frequency 
fso Maximum SO 4 

Clock Frequency 


*Voltage Range 5.0 is 5.0V +0.5V 


_ 
N 
Oo 


5 5.0 
2.0 7.0 

5 7.0 
2 60 


1 


—_ 
np 
oOo 
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AC Operating Requirements 


_ : Ta = —55°C | Ta = —40°C 
Ta = 25°C to + 125°C to +85°C 
C, = 50 pF C, = 50pF 


Guaranteed Minimum 


| aac | san | 74a - 


20.5 
12.5 
19.5 
14.5 


1.0 
1.0 
6.0 
4.5 
30.5 
9. 
7. 
8. 
6. 


SI Pulse Width, ts}y 16.5 
10.5 

SI Pulse Width, ts). 8.5 16.0 
6.5 12.0 


Setup Time, HIGH or —-2.0 1. 
LO(W, Dy to SI -1.5 1 


0 
0 
Hold Time, HIGH or 3.3 1.0 5.5 
LOW, Dy to SI 1.0 4.0 
MR Pulse Width, tyrw 3.3 13.0 26.0 
5.0 8.5 16.0 
Recovery Time, tursiH 3.3 4.5 8.0 
MR to SI 5.0 3.0 6.0 
SO Pulse Width, tsoy 4.0 7.5 
2.5 5.5 
SO Pulse Width, tso. 10.0 18.0 
6.0 12.0 


*Voltage Range 3.3 is 3.3V + 0.3V 
*Voltage Range 5.0 is 5.0V + 0.5V 


20.0 
5 
0 
5 
5 


21.0 
14.0 


AC Operating Requirements 


Parameter oe Cae to +85°C 
amas CL = 50 pF 


S! Pulse Width, tsi 
SI Pulse Width, tsiL 
Setup Time, HIGH or 
LOW, D, to SI 


Hold Time, HIGH or 
LOW, D, to SI 


MR Pulse Width, turw 


Recovery Time, tyrsin 
MR to SI 


SO Pulse Width, tgon 


SO Pulse Width, tsor 
*Voltage Range 5.0 is 5.0V + 0.5V 


Capacitance 
symbol aunt 





Input Capacitance [as 
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National 
Semiconductor 


54AC/74AC4024 
7-Stage Binary Ripple Counter 


General Description 


The 'AC4024 consists of 7 master-slave flip-flops. The out- 
put of each flip-flop feeds the next and the frequency at 
each output is half that of the preceding one. The state of 
the counter advances on the negative going edge of the 
Clock input. Reset is asynchronous and active-high. 


State changes of the Q outputs do not occur simultaneously 
because of internal ripple delays. Therefore, decoded out- 


put signals are subject to decoding spikes and may have to’ 


be gated with the Clock of the ’AC4024 for some designs. 


Logic Symbol 


TL/F/10145-1 


Description 


cP . Clock Pulse Input 


MR Asynchronous Master Reset 


Qo-Q6 Flip-Flop Outputs 





ADVANCE INFORMATION 


Features 

w Outputs directly interface to CMOS, NMOS, and TTL 
m Operating voltage range: 2V to 6V 

m Low input current: 1 pA 

w High noise immunity characteristic of CMOS devices 
g Pin and functional compatible to MC1424 

@ Outputs source/sink 24 mA 


Connection Diagram 


Pin Assignment 
for DIP, Flatpack and SOIC 


TL/F/10145-2 
NC = No Connection 
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Ordering Information 


uonewsoju] Bulapio 


The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: 


T4AC/ACT XXX P C QR 


Special Variations 
X = Devices shipped In 
13” reels 
QR=Commercial grade 
device with burn-in 
QB=Military grade with 
environmental and 
burn-in processing 
shipped In tubes 








Temperature Range Family 
74AC = Commercial 
5S4AC =Nilitary 
74ACT =Commercial TIL-Compatible 
54ACT =Military TIL-Compatible 


paves: ype Temperature Range 


C=Commercia! (=40°C to + 85°C) 
Package Code M=Military (= 55°C to + 125°C) 
P=Plastle DIP 
SP = Slim Plastic DIP 
D=Ceramic DIP 
SD = Slim Ceramic DIP 
F =Flatpak 
L=Leadless Ceramic Chip Carrier (LCC) 
Q=Plastic Leaded Chip Carrier (PCC) 
S =Small Outline (SOIC) 
TL/F/10162-1 


For most current packaging information, contact Product Marketing. 


JEDEC-E!AJ Small Outline Package Comparison 


a 0.228 0.245 0.228 0.245 0.393 0.420 0.393 
(5.80) (6.20) (5.80) (6.20) (10.0) (10.65) (10.0) 






0.420 








(10.65) 
0.149 0.158 0.149 0.158 0.291 0.300 0.291 0.300 
(3.80) (4.00) (3.80) (4.00) (7.40) (7.60) (7.40) (7.60) 





‘ 0.300 0.350 0.300 0.350 0.300 0.350 0.300 
(7.62) (8.89) (7.62) (8.89) (7.62) (8.89) (7.62) 
0.198 0.198 0.245 0.198 0.245 0.198 
(5.02) (5.02) (6.22) (5.02) (6.22) (5.02) 


‘7 
eal A 


ElAJ 


TL/F/10162-2 





Physical Dimensions 


National 
Semiconductor 


64 Lead Side Brazed Ceramic Dual-In-Line Package (D) 
NS Package Number D64A 


3.240 


(82.30) boa 


49 48 


J" NO. 1 IDENT 


e 
1 2 3 & §$ 6 7 S& 9 0M 1 12 13 14 15 16 WW 8 19 0 2 2 232 2 MH 2UtlkelUe  N 
0.180-0.200 


0.720 73.810 —5 080) 

—e | 3.810 — 5.080) 
(18.29) man su ‘ t : x 0.040 -0.060 
(1.016 ~ 1.824) 





0.100+0.010 0.015 -0.023 
izsaozo.258) {0-381—0.584 "YP wa “mn 


0.008 —0.015 
(0.203 -0.381) 
LEADS, VERTICAL 
: TO 15° MAX 
T2.11) OUTWARD TYP 


Note: FACT™ Product Shipped WITHOUT Protective Silicon “Bumpers”. 


20 Terminal Ceramic Leadless Chip Carrier (L) 
NS Package Number E20A 


9.200 £0.05 
(5.08020.127) 
P ase x 0.015+0.010 
(0.3810.254) 


0.063 -0.075 0.007—0.011 


= [*— jr.600—1.005) 


0.022 —0,028 


>, a iL ek 
(0.559 -0.711) 
0.077 —0.093 i = TYP 


(1.959—2.362) ‘_ = 
5A .I . 


Locann ™ 2087 0.083 8.045 -0.055, 
(1.143 -1.397) 
Side View TYP 


45° ¢ 0.04040.010 
(1.016 £0.254) 
SPLES 


Bottom View 





28 Terminal Ceramic Leadless Chip Carrier (L) 
NS Package Number E28A 


0.404 ——— 0.020 


(10.26} . (0.508) “>” 0.065 ~-0.076 
sa T1270) "| [7 (r-651=1.930) 651— 1.930) 


ed 0.085 


(2.159) 


BOTTOM 
_ VIEW 


E28A (REV C) 


84 Terminal Ceramic Leadless Chip Carrier (L) 
NS Package Number E84B 


1.1504 0.011 
(7. ey 279) 


1.000.010 [,_ 9.05020 
instgeany aaaseae (1.270) | 
ame 0.050 + 0.006 (0.080+0.002. 
[" (rea | (nares 12) [" (1.270£0.050) ‘700.050 | Ma tet a7) 
I 


(24.67 £ 0.203) 


1 
TOP VIEW BOTTOM VIEW SIDE VIEW 
EMR (REV 
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Physical Dimensions 


14 Lead Ceramic Dual-In-Line Package (D) 
NS Package Number J14A 


0.290-0.320 
(7.366-8.128) 


10° MAX 
0.310—-0.410 


86°94° TYP 


* 0.008-0.012 


(7.874—10.41) 0.098 


(2.489) 
MAX BOTH ENDS 


0.005 


(0.127) 127) 
MIN 


GLASS 
SEALANT 


(0.203—-0.305) 


0.785 
(19.939) 





16 Lead Ceramic Dual-In-Line Package (D) 


0.290—0. 
(7.366 —- 


0.180 
(4.572) 
MAX 


e 0.310 —0. 
(7.874 - 


_NS Package Number J16A 


0.320 0.005 
8.128) (0.127) 
MIN 


0.008 — 0.012 
(0.203 — 0.305) 


0.080 

(2.032) 
0.410 . bent 
10.41) etTh 
ENDS 


0.785 
(19.939) 


SEALANT 


0.055 + 0.005 
(1.397 + 0.127) 


0.018 + 0.003 0.080.003, | Lot 
(0.457 + 0.076) 457 + 0.076) 

0.100 + 0.010 

(2.540 0.254) 


0.060 +0.005 
—— 
(1.524 +0.127) 


| Lee 


3 MIN J14A (REV G) 


0.018 +0. 003 | 
(0.457 20. as | 
0.100 +0.010 
(2.540 +0. = 


0.220-0.310 
(5.588—7.874) 


(5.080) 
MAX 9.920-0.060 
“(0.508-1.524) 


0.125—-0.200 
(3.175-—5.080) 
0.150 
(3.81) 


0.220-0.310 
(5.588 —7.874) 


0.005 — 0.020 
(0.127 — 0.508) 
RAD TYP 

0.200 

(5.080) 


0.125—0.200 0.020—-0.060 
(3.175 —5.080) 175 —5.080) (0.508 — 1.524) 


0.037 + 0.005 
(0.940 + 0.127) 
J1GA (REV K) 





20 Lead Ceramic Dual-In-Line Package (D) 
NS Package Number J20A 


0.985 
(25.019) 
MAX 


suoisuowig jeoisAud 


0.220-0.310 
(5.588 — 7.874) 


— 


PE 


0.005 — 6.020 
{0.127 — 0.508) 


RAD TYP 0.037 + 0.005 
(0.94040.127) 


0.005 0.055 + 0.005 


<_— 
0.290 0.320 (0.127) (1.397 + 0.127) 0.020 ~ 0.060 
(7.366 —8.128) GLASS SEALANT MIN (0.508 — 1.524) 


86° 94° 150 
0.008 — 0.012 (3.810)  _0.125-0.200 
{0.203 — 0.305) MIN (3.175 —5.080) 


| 0.310 —0.410 0.060 0.018 + 0.003 
{7.874 — 10.41) (1.524) (0.457 + 0.076) 
MAX 
BOTH ENDS 0.100 + 0.010 


(2.540 + 0.254) 


J20A (REV M) 


24 Lead Slim (0.300” Wide) Ceramic Dual-In-Line Package (SD) 
NS Package Number J24F 


1.290 
(32.77) 


0.030-0.055 


(0.762-1.397) 
RAD TYP 


0.060 +0.005 Typ 0.290-0.320 
(1.524 20.127) e20-0.070 i (7.366—8.128) 


(0.508-1.778) 
0.225 
(5.715) 
MAX 
0.008-0.012 
° 95° +5° 
86° 94 — 0.203-0.305) 


( 
TYP 0.125 TYP 
0.095 ten 0.100 +0.010 0.018 +0.003 Saiii 0.310-0.410 
(2413) enps (2.54 a (0.457 +0.076) * (7.874-10.41) 


TYP MIN 


(4.572) 
MAX 





J24F(REV 6} 





Physical Dimensions 


28 Lead Ceramic Dual-In-Line Package (D) 
NS Package Number J28A 


1.490 


peaked ace 0.600 
(37.846) 


(15.240) 
MAX GLASS 


0.514-0.526 
nia (13.06-13.36) 


0.030-0.055 


(0.762-1.397) 
RAD TYP 


0.180 
(4.572) 


0.590-0.620 MAX 0.055 +0.005 
(16,986-15.748) t SEALANT (1.397 20.127) 


0.020-0.070 
(0.508-1.778) 


5° age #.008-0.012 
(9203-0308) 


o.ges *2-028 =I 
0.060 0.060-0.100 0.100 0.010 0.018 «0.002 
40.635 ins28-2.540) (2.540 0.254) (0.457 20.508) 


(17.40 he 


Note: FACT™ Product Shipped WITHOUT Protective Silicon “Bumpers”. 


14 Lead Small Outline Integrated Circuit (S) 
NS Package Number M14A 


0.336 0.344 
(8.534 —8.738) 


4 #13 «12: «11°10 3S 8 


0.228 -0.244 
(5.791 —6.198) 


+ 2 3 4 


0.020 


(0.508) | 


0.150—0.158 
(3.810—4.013) 
0.017 0.024=0.031 _0.053— 0.069. 
oa32) es (0.610—0.787) (1.346— 1.753) 0.004 0.010 
pan t t (0.102 —0.254) 
TYP ‘ LEADS AFTER T FINISH 


olan. 0.010 =< ia | elles 0.014—0.019 
(0.178 0.254) 178 0.284 (0.020 —0.050 : = — (0.386— 0.489) 
TYP 


0.004 (0.508 —1.270) 
(0.102) 102) TYP ALL LEADS 
ALL LEAD TIPS M14A (REV F) 


<|— 





16 Lead Small Outline Integrated Circuit (S) 


NS Package Number M16A 


0,150 ~0.158 
(3.810 — 4.013) 
0.017 
(0.432) 
x 45° 


—_——<—. 


Tle 


| (0.508 — 1.270) 
0.004, TYP ALL LEADS 


0°-8° 
TYP 
ALL LEADS 


| 





0.007 -0.010 
(0.178 —0.254) 
TYP ALL LEADS 


(0.102) 
ALL LEAD TIPS 


0.024—0.031 A 
(0.610 —0.787) 


0.385 -0.394 


aes (9.79 - 10.008) 


1 615 14 «13°: «12:~«11 


0.228-6.244 
(5.791 —6.198) 


(0.508) 


0.053—0.069 
{1.346 — 1.753) 


0.004 -0.010 
(0.102 — 0.254) 
AFTER LEAD FINISH 


dled 


0.014~0.019 


(0.356 — 0.483) 
TYP 


MIGAIPEV E, 


20 Lead Small Outline Integrated Circuit (S) 


NS Package Number M20B 


0.291 —0.299 
(7.391 — 7.595) 


0°-8° 
TYP ALL LEADS 


4 


0.030—0.050 
(0.762 —1.270) 
TYP ALL LEADS 





0.009 -0.013 0.102) 


(0.102) 
(0.229 -0.330) 
TYP ALL LEADS ALL LEAD TIPS 


0.037—0.044 


pa 
aaa 


0.496 -0.512 
(12.598 — 13.005) 


20.19 #18 #17 «16 «15 «14 «139°=«12~«It 





0.394 —0.419 
{10.008 ~ 10.643) 


LEAD NO. 1 
IDENT 


oil 


(0.686) 


0.093 —0.104 
(2.362 —2.642) 


(1.270) 
TYP 





suoisuewigq jeoiskyd 


0.004 0.012 


(0.102 —0.305) 


__y 
egg 


0.014 -0.019 
(0.356 — 0.483) 
TYP 


M20B (REV Dy 


Physical Dimensions 


24 Lead Small Outline Integrated Circuit (S) 
NS Package Number M24B 


0,596 - 0.612 
(15.14—15.54) 


To 

il 

123 4 °5 

| 0.027 
(0.686) 


0.291-0.299 


(7.391 - 7.594) 
pe 0.037-0.044 —_0.093-0.104 


; 960-1. "362 —2. 
(0.432) ay (0.940—1.318) (2.362 ~ 2.642) 
0.009 ~ 0.013 x45? { t 


{0.229 - 0.330) 
TYP ALL LEADS 


0.004-0.012 


0°—8° TYP ALL LEADS (0.102 —-0.305) 


pe f i 
Ps cae 





(0.762 —1.270) (1.270) (0-356 — 0.483) 
0.102 TYP ALL LEADS TYP 
ALL LEAD TIPS 


M248 (REV C: 


28 Lead Small Outline Integrated Circuit (S) 
NS Package Number M28B 


7.60 (0.300) 
7.40 (0.291) 


10.65 (0.420) 
10.00 (0.393) 


0.75 (0.030) 450 
0.25 (0.009) 
18.10 (0.713) 


17.70 (0.696) | 


0.32 (0.013) 
0.23 (0.009) 2.65 (0.105) 
2.35 (0.092) 


‘= 
te] 
a a | \ts ts 
a 0.30 (0.012) 
ae 0.10 (0.003) 


1.27 (0.050) 0.49 (0.020) 
BSC 


0.35 (0.013) 1.27 (0.050) 
0.40 (0.015) 








14 Lead Plastic Dual-In-Line Package (P) 
NS Package Number N14A 


0.740 -0.778 
*———  [1880-10.88) 
0.000. 
‘(2286 
elt 13) 12] eit fre] To] I INDEX 
AREA 





suoisuewig jeoiskud 









(6.350 2.0.254) 























0.082 pig 0.090 MAX 
(2.337) (0.762) O€PTH 
orion DPTION 62 
as sah 0.200-0.325 
{7.388 6.285) 0.065 
6.145 -0.200 ‘ wee i 





(3.683 5.089) 











ns) 0.128-0.150 


(3.175-3.810) 











oor tae TYP 
hbat 0.075 +0.018 
ala 11.005 0.381) 

0.100.010 
wesozeza) 


8.05040.010 rp 
+0.080 
jur70—o.254) 0.3737 Obs 


( +1. a8) 
$.255 0.381, NI4a REVO 








0.014-0.023 . 
(oase—oseay 





—<——- 





16 Lead Plastic Dual-In-Line Package (P) 
NS Package Number N16E 


0.743 - 0.780 
(18.87 — 19.81) 








0,090 
(2.286) 
a mn Pi OE i 0.032+0.005 
ta nom | (ostaz0.127 
0:250 + 0.005 
inca Oo 99 et 350.127) 
. PIN NO. 1 1DENT——s@ 


L. 0.280 | | 
(7.112) 


Yay US} fey zt a 





0.300-0.320 
MAX 0.130 + 0.005 


0.030 OPTION 4 OPTION 2 
(0.762) ae 4° (4X) 
0.300—0.320 sia 
(7.62 —8.128) 0.065 — 
(1.651) van (3.302 10.127) 
| { 0.145 -0.200 
ry PF (3.683—5.080) 


05° +5° 
0.009—0. 0.009 - 0.015 P ; 
{0.229—0.381) aoe 
0.030 +0. aT (EN be iT 0,018 + 0.003 ia. ae 258h sh MIN 
0.325 +9.040 (0.7620.381) (0.457 +0.078) 





























0.015 
1.016 0.100+0.010 
(255 han) (2. soz0.254 258) 


N1GE (REV E) 
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Imensions 


Physical D 


20 Lead Plastic Dual-In-Line Package (P) 
NS Package Number N20B 


0.970-0.990 
0.092 x 0.030 (24.638-25.146) 
Gay area) 0.032 +0.005 


MAX OP 2 (0813 20.127) 
RAD 


(8.096-6.604) 


(7.112) | 


MIN 
OPTION 2 


0.290-0.325 
(7.366-8.255) 


0.130 0.005 


0.065 = (1.528) (3.302 0.127) 


(1651) TYP 


0.008-0.015 a0": 0.004° 
0.100 +0.010 SLES le 
(2.540 £0.254) 0.014-0.023 |] 


 (0.203-0.381) 
(0.355-0.585) 


0.040 Shak 
0.350 alk (1.016) 
(8.890) 





— 0.145-0.200 
(3.683—5.080) 


97.5° +7.5° 
0.020 


0.125-0.150 (0.508) 
(3.175-3.810) MIN 


N20B (REV A) 


24 Lead Plastic Slim (0.300” Wide) Dual-In-Line Package (SP) 
NS Package Number N24C 


1.243 —1.270 


0.092 . (31.57 — 32.26) 


(2.337) 
(2 PLS) 


PIN NO. 1 5 ; . 0.260 + 0.005 
{DENT n (6.604 +0.127) 


EJECTOR PINS 
0.300 — 0.320 OPTIONAL 


(7.628.128) 
0.130+ 0.005 
(3.302+0. a 


0.145—0.200 
f(s) a sin oys=0m (3.683—5.080) 


0.009 —0.015 


(0.229 ~— 0.381) 


+0.040 
—0,015 
Tien} 
~0.381 


0.325 


(8.255 


0.065 
(1.651) 


0.075+0.015 
(1,905 + 0.381) 


0.018 +0,003 
(0.457 + 0.076) 
TYP 
0.100 + 0.010 


(2.54+0.254) 
TYP 


5-12 


0.125 —0.145 
(3.175 — 3,556) 
MIN 


90°+4° TYP 


N24C (REV F) 





28 Lead Plastic Dual-In-Line Package (P) 
NS Package Number N28B 


0.810+ 0.005 
{12.95 + 0.127) 


1.393—1.420 
(35.38 — 36.07) 


9.600-0.620 0,145 0.210 050 vp 
(15.24 —15.75) (3.683 —5.334) (1.270) 


0.009—0.015 
0.580 {0.229 - 0.381) 
——— MIN 0.050+ 0.015 0.100+0.010 
14.73 1. ——_——__ >| Le— 
(14.73) (1.2704. 0.381) (2.540 +.0.254) 
0.625 + 9.025 
ee? — 0.015 


0.635 
(15.28 + 0-855 


64 Lead Plastic Dual In-Line Package (P) 
NS Package Number N64A 


3.150-3.280 


0.125-0.165 
(3.175=4.191) 9 920 


Jue 0.018 + 0.003 : 
0.125 -0.145 
. (0.457 +0.076) (3.175 —3.683) 


N26B (REV E) 





(80.61 —82.55) 


, 0.125 -0.160 i | 
(3.375 =4.064) | l- 0100 vp 9.016 -0.020 0.050 - 0.068 
7" (2.540) (6.405 -0.508} (1270=1.651) 
0.000 
(22.85) 


SEATING PLANE 


P 





0.800-0 350 
(20-32-2159) 


0.008 -0.015 ke 
{0.203-0.38) 


0.028-0.040 
(0-635 -7.016) 


€.045 - 0.070 
(1.431.778) 





suoisuewig jeaiskud 


imensions 


Physical D 


20 Lead Plastic Chip Carrier (Q) 
NS Package Number V20A 


4 SPACES AT 
0.050 


om 
“ my 
4 SPACES AT 
0.050 


(1.270) 


0.310 —0.330 
(7.874 —8.382) 
(CONTACT DIMENSION) 


0.026-0.032 | 
{0.660 -0.813) | 
TYP 


0.005— 0.015. 
(0.127 —0.381) 


0.104—0.118 
(2.642 — 2.997) 


0.350 
(8.890) 
REF SO 


0.385 — 0.395 


(9.779 — 10.03) 


SQUARE 


28 Lead Plastic Chip Carrier (Q) 
NS Package Number V28A 


6 SPACES AT 
0.050 
{1.270} 


6 SPACES AT 
0.050 280) 


ae (8 
(1.270) NOM SQUARE 


0.410 —0.430 


(10.41 — 10.92) 
SQUARE 
{CONTACT DIMENSION) 
0.020 0.013—0.018 


0.032 —0.040 (0.330 — 0.457) 
| TYP 


a cae ae 


(0.127 -0.381} 
PIN NO. 1 


{DENT 
0.450 | 
(11.43) 
REF $Q 


0.485~0.495 
(12.32 ~ 12.57) 
SQUARE 


TvP 





0.045 
(1.143) 
x 45° 


15° (VIEWAA 


0.080 

(2.032) 
DIA NOM 
PEDESTAL 


SQUARE 


0.013-0.018, 


0.032 — 0.040 
(0.813 — 1.016) 


0.165—0.180_ 
(4.191 ~ 4.572) 


V20A {REV J) 


0.165—0.180 
(4.191 - 4.572) 


Pe eeeeeee SOM 


ieee Ae 


— 0.032 0.104—0.118 
(0.660—0.813) 


(2.642 -2.997) 


V28A (REV G) 
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68 Lead Plastic Chip Carrier (Q) 
NS Package Number V68A 


0.050 = 0.800 
{1.270 = 20.32) 
16 SPACES AT 
9 


68 1 


0.050 =0.800 


0.050 


0.330 
(8.382) 
DIA NOM 
PEDESTAL 


84 Lead Plastic Chip Carrier (Q) 
NS Package Number V84A 


4.190+9.005 
(sa73-0.127 


0.013-0.018 0.028 - 0.052 
(0-330—0.457) (0-660 —0.813) 
Tye Te 


1.120+0.010 
(28.45+0.254) 
sa 


CONTACT 
DIMENSION 


0.042-0.048 
(1.067 — 1.219} 


0.047 -0.083 0.030- 0.045 
(1.193=1.348) (0.762 - 9.143) 
REF RAD 


20 SPACES AT TP 
0.047 0.053 
(1.193 1.348) 

8a 


0.910-0.930| Typ 


(23.11 —23.62) 
(1.270 = 20.32) SQUARE 


16 SPACES AT CONTACT 
DIMENSION 


0.020 
(0.508) 
MIN 


0.104—0.118 


(2.642—2.997) 


] 


tein 
Ail 


0.013 0.018 
(0.330 —0.457) 


0.985— 0.995 
(25.02 — 25.27) 
SQUARE 


15° 


0.026 — 0.032 
(0.660—0.813) 
TYP 


aold 
| 


! 
! 


0.032 —0.040 
(0.813 —1.016) 
0.165 —0.180 

0.005 —0.015 (4.191 — 4.572) 
(0.127 -0.381) 


V68A (REV G) 


0.104-0.118 
(2.642 — 2.997} 


~ 


LEAD NO. 1 IDENT 
0.080 
(1.524) 
DIA 
me 0.042 ~0.048 
(1,067—1.219) 
0,185 -0.180 
(6191 4.672) t 


0.165-0.180 0.004 0,042-0.048 
(4.191 4.572) (0.102) {1-067—1.219) 
raya. VIEW A-A 





6.005 —0.015 
(0.127 — 0.381) 


VB4A (REV C) 





Iq jeo1sAud 


SUOISUSUU! 


Physical Dimensions 


14 Lead Ceramic Fliatpak (F) 
NS Package Number W14B 


0.050 — 0.080 
(1.270 ~2.032) 


0.004 -0.006 
(0.102 —0.152) 


(0.508 —0.889) 


16 Lead Ceramic Flatpak (F). 


NS Package Number W16A 


0.050-0.080 
(1.2702. (a 20 | 
0.004-0.00 


(0.102-0. aveeae fT 


0.020-—0.040 2 
(0.508—1.016) 


0.007 - 0.018 
(0.178 - (0.178 — 0.457) 


PIN NO. 1 
IDENT 


0.372 —0.385 
(9.449 —9.779) 












0.050 + 0.005 


0.045 
(1.270+0.127) 


(1.143) 
MAX 


0.250 -0.370 
(6.350 —9.398) 






0.245 ~0.255 


0.280 MAX 
rarer (6.223 —6.477) 


(7.112) GLASS 







IDENT 0.250 —0.370 
(6.350 —9.398) 






| 0.005 
oots—onre_ | a (0.127) MIN 
(0.381 —0.483) : 
TYP 
W14B (REV D) 
0.371 — 0.390 
- 423-9 “| 
0.050 +0.005 
Le 270 +0.127) 


0.000 MIN ALL ENDS 


0.300 - 0.370 
(7.620 — 9.398) 620 — 9.398) 


1615 1413121110 8 i 0.300 


0.245 — 0.275 (7.620) 


(6.223 — 6.985) MAX 
GLASS 





0.300 — 0.370 
(7.620 — 9.398) 


0.045—0.019 le 
(0.381—0.482) 
TYP W16A (REV E) 
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20 Lead Ceramic Flatpak (F) 
NS Package Number W20A 


- 


0.030- 
(0.762 — 


0.004-0.006 
(0.102 —0.152) 


24 Lead Ceramic Flatpak (F) 
NS Package Number W24C 


0.030 —0.040 


(2.782 — 1.818) 


7 


0.004 —0.009 


(0.102 —0.229) 


(2.032 — 2.286) 


0.050 +0.005 
(1.279 9.127) 


0.040 
1.016) 


2 


0.080 ~ 0.090 


a 400 
(10.16) 
MAX GLASS 
0.011 0.025 
(0.279 — 0.635) 


OPTIONAL 


PIN #1 

IDENT 

OPTION #1 

(REFER DETAIL **A‘*) 





(2.032 2.286) 


ae 


fe 


a eoisAud 


0.080 — 0.090 


see 


oT 


0.050 + 0.005 | 
(1.27040.127) | | 


| 


SUOISUSUWII 


0.250 —0.320 
(6.350 —8.128) 





20 19 18 17 16 15 14 13 12 11 


0.260 —0.270 
(6.604 —6.858) 


234567 8 910 


0.250 —0.320 
(6.350 —8.128) 


0.015—0.019 Ee 


“—(0381—0.483) YP 


0.008 — 0.012 


(0.203 —0.305) W20A (REV C) 


0.590—0.625 


(14.99 — 15.88) 


9.005 sin TYP 
(127) 


i) 


0.250—0.320 
(6.350 —8.128) 


_4 


0.365 — 0.380 
(9.271 —9.652) 


ao 23 22 21 20 19 18 17 16 15 141 


0.011 -0.025 
(0.279 — 0.635) 279-0. ie 


0.250- 0.320, 


.350 — 8.12: 
Sater |. oom 0.015 


(0.203 — 0.381) 

DETAIL "A" PIN #1 IDENT OPTION 2 
0.015 = 0.019 
(0.381 —0.483) 


0.008 —0.015 


(0.203 — 0.381) 


Weac (REV Db 
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National 
Semiconductor 


Bookshelf of Technical Support Information 


National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 


This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 


Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this 
bookshelf. 


We are interested in your comments on our technical literature and your suggestions for improvement. 
Please send them to: 


Technical Communications Dept. M/S 16300 
2900 Semiconductor Drive 

P.O. Box 58090 

Santa Clara, CA 95052-8090 


ALS/AS LOGIC DATABOOK—1987 


Introduction to Bipolar Logic ¢ Advanced Low Power Schottky ¢ Advanced Schottky 


ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS—1987 


SSI/MSI Functions ¢ Peripheral Functions ¢ LS!/VLSI Functions ¢ Design Guidelines ¢ Packaging 


CMOS LOGIC DATABOOK—1988 


CMOS AC Switching Test Circuits and Timing Waveforms ¢ CMOS Application Notes e MM54HC/MM74HC 
MM54HCT/MM74HCT @ CD4XXX © MM54CXXX/MM74CXXxX © Surface Mount 


DATA COMMUNICATION/LAN/UART DATABOOK—Rev. 1—1988 


LAN IEEE 802.3 ¢ High Speed Serial/IBM Data Communications ¢ ISDN Components ¢ UARTs 
Modems ® Transmission Line Drivers/Receivers 


DISCRETE SEMICONDUCTOR PRODUCTS DATABOOK—1989 


Selection Guide and Cross Reference Guides ¢ Diodes ¢ Bipolar NPN Transistors 
Bipolar PNP Transistors ¢e JFET Transistors ¢ Surface Mount Products ¢ Pro-Electron Series 
Consumer Series ¢ Power Components ¢ Transistor Datasheets ¢ Process Characteristics 


DRAM MANAGEMENT HANDBOOK—1988 


Dynamic Memory Control ¢ Error Detection and Correction ¢ Microprocessor Applications for the 
DP8408A/09A/17/18/19/28/29 ¢ Microprocessor Applications for the DP8420A/21A/22A 


F100K DATABOOK—1989 


Family Overview e F100K Datasheets ¢ 11C Datasheets © 10K and 100K Memory Datasheets 
Design Guide ® Circuit Basics e Logic Design ¢ Transmission Line Concepts ¢ System Considerations 
Power Distribution and Thermal Considerations * Testing Techniques ® Quality Assurance and Reliability 


FACT™ ADVANCED CMOS LOGIC DATABOOK—1989 


Description and Family Characteristics ¢ Ratings, Specifications and Waveforms 
Design Considerations ¢ 54AC/74ACXXX @ 54ACT/74ACTXXX 


FAST® ADVANCED SCHOTTKY TTL LOGIC DATABOOK—1988 


Circuit Characteristics ¢ Ratings, Specifications and Waveforms ¢ Design Considerations ¢ 54F/74FXXX 





FAST® APPLICATIONS HANDBOOK—REPRINT 


Reprint of 1987 Fairchild FAST Applications Handbook 

Contains application information on the FAST family: Introduction ¢ Multiplexers © Decoders ¢ Encoders 
Operators ¢ FIFOs ¢ Counters ¢ TTL Small Scale Integration ¢ Line Driving and System Design 

FAST Characteristics and Testing « Packaging Characteristics ¢ Index 


GRAPHICS DATABOOK—1988 


Advanced Graphics Chipset ¢ Application Notes 


INTERFACE DATABOOK—1988 


Transmission Line Drivers/Receivers ¢ Bus Transceivers ¢ Peripheral Power Drivers ¢ Display Drivers 
Memory Support ¢ Microprocessor Support ¢ Level Translators and Buffers ¢ Frequency Synthesis ¢ Hi-Rel Interface 


LINEAR APPLICATIONS HANDBOOK—1986 


The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 


Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 


LINEAR 1 DATABOOK—1988 


Voltage Regulators * Operational Amplifiers ¢ Buffers ¢ Voltage Comparators ¢ Instrumentation Amplifiers ¢ Surface Mount 


LINEAR 2 DATABOOK—1988 


Active Filters ¢ Analog Switches/Multiplexers ¢ Analog-to-Digital ¢ Digital!-to-Analog « Sample and Hold 
Sensors ® Voltage References ¢ Surface Mount 


LINEAR 3 DATABOOK—1988 


Audio Circuits © Radio Circuits ¢ Video Circuits © Motion Control ¢ Special Functions « Surface Mount 


LS/S/TTL DATABOOK—1987 


Introduction to Bipolar Logic ¢ Low Power Schottky © Schottky © TTL © Low Power 


MASS STORAGE HANDBOOK—1988 

Winchester Disk Preamplitiers © Winchester Disk Servo Conirol » Winciiesier Disk Puiss Detectors 
Winchester Disk Data Separators/Synchronizers and ENDECs ¢ Winchester Disk Data Controller 
SCSI Bus Interface Circuits © Floppy Disk Controllers 


MEMORY DATABOOK—1988 


PROMs, EPROMs, EEPROMs e Flash EPROMs and EEPROMs ¢ TTL 1/O SRAMs 
ECL I/O SRAMs ¢ ECL 1/O Memory Modules 


MICROCONTROLLER DATABOOK—1988 


COP400 Family © COP800 Family * COPS Applications © HPC Family ¢ HPC Applications 
MICROWIRE and MICROWIRE/PLUS Peripherals ¢ Display/Terminal Management Processor (TMP) 
Microcontroller Development Tools 


PROGRAMMABLE LOGIC DATABOOK & DESIGN MANUAL—1989 


Product Line Overview ¢ Datasheets ¢ Designing with PLDs e PLD Design Methodology ¢ PLD Design Development Tools 
Fabrication of Programmable Logic « Application Examples 


REAL TIME CLOCK HANDBOOK—1989 


Real Time Clocks and Timer Clock Peripherals « Application Notes 





RELIABILITY HANDBOOK—1986 


Reliability and the Die ¢ Internal Construction ¢ Finished Package ® MIL-STD-883 ¢ MIL-M-38510 

The Specification Development Process ¢ Reliability and the Hybrid Device e VLSI/VHSIC Devices 
Radiation Environment ¢ Electrostatic Discharge ¢ Discrete Device ¢ Standardization 

Quality Assurance and Reliability Engineering ¢ Reliability and Documentation ¢ Commercial Grade Device 
European Reliability Programs e Reliability and the Cost of Semiconductor Ownership 

Reliability Testing at National Semiconductor ¢ The Total Military/Aerospace Standardization Program 
883B/RETS™ Products © MILS/RETS™ Products ¢ 883/RETS™ Hybrids e MIL-M-38510 Class B Products 
Radiation Hardened Technology ¢ Wafer Fabrication ¢ Semiconductor Assembly and Packaging 
Semiconductor Packages ¢ Glossary of Terms ¢ Key Government Agencies e AN/ Numbers and Acronyms 
Bibliography * MIL-M-38510 and DESC Drawing Cross Listing 


SERIES 32000 MICROPROCESSORS DATABOOK—1988 


Series 32000 Overview ¢ Central Processing Units ¢ Slave Processors @ Peripherals ¢ Board Level Products 
Development Systems and Tools ¢ Software Support ® Application Notes © NSC800 Family 


TELECOMMUNICATIONS—1987 


Line Card Components ¢ Integrated Services Digital Network Components ¢ Modems 
Analog Telephone Components ¢ Application Notes 





NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS 


ALABAMA 
Huntsville 

Arrow Electronics 
(205) 837-6955 
Bell Industries 
(205) 837-1074 
Hamilton/Avnet 
(205) 837-7210 
Pioneer Technology 
(205) 837-9300 


ARIZONA 

Chandler 
Hamilton/Avnet 
(602) 231-5100 

Phoenix 
Arrow Electronics 
(602) 437-0750 

Tempe 
Anthem Electronics 
(602) 966-6600 
Bell Industries 
(602) 966-7800 


CALIFORNIA 
Agora Hills 
Zeus Components 
(818) 889-3838 
Anaheim 
Time Electronics 
(714) 934-0911 
Chatsworth 
Anthem Electronics 
(818) 700-1000 
Arrow Electronics 
(818) 701-7500 
Hamilton Electro Sales 
(818) 700-6500 
Time Electronics 
(818) 998-7200 
Costa Mesa 
Avnet Electronics 
(714) 754-6050 
Hamilton Electro Sales 
(714) 641-4159 
Garden Grove 
Bell Industries 
(714) 895-7801 
Gardena 
Belt Industries 
(213) 515-1800 
Hamilton Electro Sales 
(213) 217-6751 
Irvine 
Anthem Electronics 
(714) 768-4444 
Ontario 
Hamitton/Avnet 
(714) 989-4602 
Rocklin 
Anthem Electronics 
(916) 922-6800 
Bell Industries 
(916) 969-3100 
Sacramento 
Hamilton/Avnet 
(916) 925-2216 
San Diego 
Anthem Electronics 
(619) 453-9005 
Arrow Electronics 
(619) 565-4800 
Hamilton/Avnet 
(619) 571-7510 
Time Electronics 
(619) 586-1331 
San Jose 
Anthem Electronics 
(408) 453-1200 
Pioneer Technology 
(408) 954-9100 
Zeus Components 
(408) 998-5121 


Sunnyvale 
Arrow Electronics 
(408) 745-6600 
Bell Industries 
(408) 734-8570 
Hamilton/Avnet 
(408) 743-3355 
Time Electronics 
(408) 734-9888 
Thousand Oaks 
Bell Industries 
(805) 499-6821 
Torrance 
Time Electronics 
(213) 320-0880 
Tustin 
Arrow Electronics 
(714) 838-5422 
Yorba Linda 
Zeus Components 
(714) 921-9000 


COLORADO 
Englewood 
Anthem Electronics 
(303) 790-4500 
Arrow Electronics 
(303) 790-4444 
Hamilton/Avnet 
(303) 799-9998 
Wheatridge 
Bell Industries 
(303) 424-1985 


CONNECTICUT 
Cheshire 
Time Electronics 
(203) 271-3200 
Danbury 
Hamilton/Avnet 
(203) 797-2800 
Meriden 
Anthem Electronics 
(203) 237-2282 
Norwalk 
Pioneer Standard 
(203) 853-1515 
Wallingford 
Arrow Electronics 
(203) 265-7741 
FLORIDA 
Altamonte Springs 
Pioneer Technology 
(407) 834-9090 
Clearwater 
Pioneer Technology 
(813) 536-0445 
Deerfield Beach 
Arrow Electronics 
(305) 429-8200 
Bell Industries 
(305) 421-1997 
Pioneer Technology 
(305) 428-8877 
Fort Lauderdale 
Hamilton/Avnet 
(305) 971-2900 
Lake Mary 
Arrow Electronics 
(407) 323-9300 
Largo 
Bell Industries 
(813) 541-4434 
Oviedo 
Zeus Components 
(407) 365-3000 
St. Petersburg 
Hamilton/Avnet 
(813) 576-3930 
Winter Park 
Hamilton/Avnet 
(407) 628-3888 


GEORGIA 
Norcross 

Arrow Electronics 
(404) 449-8252 
Bell Industries 
(404) 662-0923 
Hamilton/Avnet 
(404) 447-7500 
Pioneer Technology 
(404) 448-1711 


ILLINOIS 
Addison 
Pioneer Standard 
(312) 437-9680 
Bensenville 
Hamilton/Avnet 
(312) 860-7780 
Elk Grove Village 
Anthem Electronics 
(312) 640-6066 
Bell Industries 
(312) 640-1910 
Itasca 
Arrow Electronics 
(312) 250-0500 
Urbana 
Bell !ndustries 
(217) 328-1077 
Wooddale 
Time Electronics 
(312) 350-0610 


INDIANA 

Carmel 
Hamilton/Avnet 
(317) 844-9333 

Fort Wayne 
Bell Industries 
(219) 423-3422 

Indianapolis 


Advent Electronics Inc. 


(317) 872-4910 
Arrow Electronics 
(317) 243-9353 
Bell Industries 
(317) 875-8200 
Pioneer Standard 
(317) 849-7300 


1OWA 
Cedar Rapids 

Advent Electronics 
(319) 363-0221 
Arrow Electronics 
(319) 395-7230 
Bell Industries 
(319) 395-0730 
Hamilton/Avnet 
(319) 362-4757 


KANSAS 
Lenexa 
Arrow Electronics 
(913) 541-9542 
Overland Park 
Hamilton/Avnet 
(913) 888-8900 . 


MARYLAND 

Columbia 
Anthem Electronics 
{301) 995-6640 
Arrow Electronics 
(301) 995-6002 
Hamilton/Avnet 
(301) 995-3500 
Time Electronics 
(301) 964-3090 
Zeus Components 
(301) 997-1118 

Gaithersburg 
Pioneer Technology 
(301) 921-0660 


MASSACHUSETTS 
Lexington 
Pioneer Standard 
(617) 861-9200 
Zeus Components 
(617) 863-8800 
Norwood 
Gerber Electronics 
(617) 769-6000 
Peabody 
Hamilton/Avnet 
(617) 531-7430 
Time Electronics 
(617) 532-6200 
Wilmington 
Anthem Electronics 
(617) 657-5170 
Arrow Electronics 
(617) 935-5134 


MICHIGAN 

Ann Arbor 
Arrow Electronics 
(313) 971-8220 
Bell Industries 
(313) 971-9093 

Grand Rapids 
Arrow Electronics 
(616) 243-0912 
Hamilton/Avnet 
(616) 243-8805 
Pioneer Standard 
(616) 698-1800 

Livonia 
Hamilton/Avnet 
(313) 522-4700 
Pioneer Standard 
(313) 525-1800 

Wyoming 
R. M. Electronics, Inc. 
(616) 531-9300 


MINNESOTA 

Eden Prairie 
Anthem Electronics 
(612) 944-5454 
Pioneer Standard 
(612) 944-3355 

Edina 
Arrow Electronics 
(612) 830-1800 

Minnetonka 
Hamilton/Avnet 
(612) 932-0600 


MISSOURI 

Earth City 
Hamilton/Avnet 
(314) 344-1200 

St. Louis 
Arrow Electronics 
(314) 567-6888 
Time Electronics 
(314) 391-6444 


NEW HAMPSHIRE 
Hudson 
Bell Industries 
(603) 882-1133 
Manchester 
Arrow Electronics 
(603) 668-6968 
Hamilton/Avnet 
(603) 624-9400 





NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (continuea) 


NEW JERSEY 
Cherry Hill 
Hamilton/Avnet 
(609) 424-0100 
Fairfield 
Anthem Electronics 
(201) 227-7960 
Hamilton/Avnet 
(201) 575-3390 
Marlton 
Arrow Electronics 
(609) 596-8000 
Parsippany 
Arrow Electronics 
(201) 538-0900 
Pine Brook 
Nu Horizons Electronics 
(201) 882-8300 
Pioneer Standard 
(201) 575-3510 
Time Electronics 
(201) 882-4611 


NEW MEXICO 
Albuquerque 
Alliance Electronics Inc. 
(505) 292-3360 
Arrow Electronics 
(505) 243-4566 
Bell Industries 
(505) 292-2700 
Hamilton/Avnet 
(505) 765-1500 


NEW YORK 
Amityville 
Nu Horizons Electronics 
(516) 226-6000 
Binghamton 
Pioneer 
(607) 722-9300 
Buffalo 
Summit Electronics 
(716) 887-2800 
Fairport 
Pioneer Standard 
(716) 381-7070 
Time Electronics 
(716) 383-8853 
Hauppauge 
Anthem Electronics 
(516) 273-1660 
Arrow Electronics 
(516) 231-1000 
Hamilton/Avnet 
(516) 434-7413 
Time Electronics 
(516) 273-0100 
Port Chester 
Zeus Components 
(914) 937-7400 
Rochester 
Arrow Electronics 
(716) 427-0300 
Hamilton/Avnet 
(716) 475-9130 
Summit Electronics 
(716) 334-8110 
Ronkonkoma 
Zeus Components 
(516) 737-4500 
Syracuse 
Hamilton/Avnet 
(315) 437-2641 
Time Electronics 
(315) 432-0355 
Westbury 
Hamilton/Avnet 
(516) 997-6868 
Woodbury 
Pioneer Electronics 
(516) 921-8700 


NORTH CAROLINA 
Charlotte 
Pioneer Technology 
(704) 527-8188 
Time Electronics 
(704) 522-7600 
Durham 
Pioneer Technology 
(919) 544-5400 
Raleigh 
Arrow Electronics 
(919) 876-3132 
Hamilton/Avnet 
(919) 878-0810 
Winston-Salem 
Arrow Electronics 
(919) 725-8711 


OHIO 
Centerville 
Arrow Electronics 
(513) 435-5563 
Cleveland 
Pioneer 
(216) 587-3600 
Dayton 
Bell Industries 
(513) 435-8660 
Bell Industries-Military 
(513) 434-8231 
Hamilton/Avnet 
(513) 439-6700 
Pioneer Standard 
(513) 236-9900 
Zeus Components 
(914) 937-7400 
Solon 
Arrow Electronics 
(216) 248-3990 
Hamilton/Avnet 
(216) 831-3500 
Westerville 
Hamilton/Avnet 
(614) 882-7004 


OKLAHOMA 
Tulsa 

Arrow Electronics 
(918) 252-7537 
Hamilton/Avnet 
(918) 252-7297 
Radio Inc. . 
(918) 587-9123 


OREGON 

Beaverton 
Almac-Stroum Electronics 
(503) 629-8090 
Anthem Electronics 
(503) 643-1114 
Arrow Electronics 
(503) 645-6456 
Hamilton/Avnet 
(503) 627-0201 

Lake Oswego 
Bell Industries 
(503) 241-4115 


PENNSYLVANIA 
Horsham 
Anthem Electronics 
(215) 443-5150 
Pioneer Technology 
(215) 674-4000 
King of Prussia 
Time Electronics 
(215) 337-0900 
Monroeville 
Arrow Electronics 
(412) 856-7000 


Pittsburgh 
Hamilton/Avnet 
(412) 281-4150 
Pioneer 
(412) 782-2300 


TEXAS 
Austin 
Arrow Electronics 
(512) 835-4180 
Hamilton/Avnet 
(512) 837-8911 
Pioneer Standard 
(512) 835-4000 
Time Electronics 
(512) 399-3051 
Carrollton 
Arrow Electronics 
(214) 380-6464 
Time Electronics 
(214) 241-7441 
Dallas 
Pioneer Standard 
(214) 386-7300 
Houston 
Arrow Electronics 
(713) 530-4700 
Pioneer Standard 
(713) 988-5555 
Irving 
Hamilton/Avnet 
(214) 550-7755 
Richardson 
Anthem Electronics 
(214) 238-7100 
Zeus Components 
(214) 783-7010 
Stafford 
Hamilton/Avnet 
(713) 240-7733 


UTAH 

Midvale 
Bell Industries 
(801) 972-6969 

Salt Lake City 
Anthem Electronics 
(801) 973-8555 
Arrow Electronics 
(801) 973-6913 
Hamilton/Avnet 
(801) 972-4300 

West Valley 
Time Electronics 
(801) 973-8181 


WASHINGTON 
Bellevue 
Almac-Stroum Electronics 
(206) 643-9992 
Kent 
Arrow Electronics 
(206) 575-4420 
Redmond 
Anthem Electronics 
(206) 881-0850 
Hamilton/Avnet 
(206) 867-0148 


WISCONSIN 
Brookfield 
Arrow Electronics 
(414) 792-0150 
Mequon 
Taylor Electric 
(414) 241-4321 
Waukesha 
Bell Industries 
(414) 547-8879 
Hamilton/Avnet 
(414) 784-4516 


CANADA 
WESTERN PROVINCES 
Burnaby 
Hamilton/Avnet 
(604) 437-6667 . 
Semad Electronics 
(604) 420-9889 
Calgary 
Hamilton/Avnet 
(403) 250-9380 
Semad Electronics 
(403) 252-5664 
Zentronics 
(403) 272-1021 
Edmonton 
Zentronics 
(403) 468-9306 
Richmond 
Zentronics 
(604) 273-5575 
Saskatoon 
Zentronics 
(306) 955-2207 
Winnipeg 
Zentronics 
(204) 694-1957 


EASTERN PROVINCES 
Brampton 
Zentronics 
(416) 451-9600 
Mississauga 
Hamilton/Avnet 
(416) 677-7432 
Nepean 
Hamilton/Avnet 
(613) 226-1700 
Zentronics 
(613) 226-8840 
Ottawa 
Semad Electronics 
(613) 727-8325 
Pointe Claire 
Semad Electronics 
(514) 684-0860 
St. Laurent 
Hamilton/Avnet 
(514) 335-1000 
Zentronics 
(514) 737-9700 
Willowdale 
ElectroSonic inc. 
(416) 494-1666 





SALES OFFICES 


ALABAMA 
Huntsville 
(205) 721-9367 


ARIZONA 
Tempe 
(602) 966-4563 


CALIFORNIA 

Inglewood 

(213) 645-4226 
Roseville 

(916) 786-5577 
San Diego 

(619) 587-0666 
Santa Clara 

(408) 562-5900 
Tustin 

(714) 259-8880 
Woodland Hills 

(818) 888-2602 


COLORADO 
Boulder 
(303) 440-3400 
Colorado Springs 
(303) 578-3319 
Englewood 
(303) 790-8090 


CONNECTICUT 
Hamden 
(203) 288-1560 


FLORIDA 
Boca Raton 
(407) 997-8133 
Orlando 
(305) 629-1720 
St. Petersburg 
(813) 577-1380 


GEORGIA 
Norcross 
(404) 441-2740 


ILLINOIS 
Schaumburg 
(312) 397-8777 


INDIANA 
Carmel 
(317) 843-7160 
Fort Wayne 
(219) 484-0722 


IOWA 
Cedar Rapids 
(319) 395-0090 
KANSAS 
Overland Park 
(913) 451-4402 
MARYLAND 
Hanover 
(301) 796-8900 
MASSACHUSETTS 
Burlington 
(617) 273-3170 


MICHIGAN 
Grand Rapids 
(616) 940-0588 
W. Bloomfield 
(313) 855-0166 


MINNESOTA 
Bloomington 
(612) 854-8200 


NEW JERSEY 
Paramus 
(201) 599-0955 


NEW MEXICO 
Albuquerque 
(505) 884-5601 


NEW YORK 

Fairport 

(716) 223-7700 
Liverpool 

(315) 451-9091 
Melville 

(516) 351-1000 
Wappinger Falls 

(914) 298-0680 


NORTH CAROLINA 
Cary 
(919) 481-4311 
OHIO 
Dayton 
(513) 435-6886 
Dublin 
(614) 766-3679 
tndependence 
(216) 524-5577 


ONTARIO 
Mississauga 
(416) 678-2920 
Nepean 
(613) 596-0411 


OREGON 
Portland 
(503) 639-5442 


PENNSYLVANIA 
Horsham 
(215) 672-6767 


PUERTO RICO 
Rio Piedias 
(809) 758-9211 
QUEBEC 
Lachine 
(514) 636-8525 


TEXAS 
Austin 
(512) 346-3990 
Houston 
(713) 771-3547 
Richardson 
(214) 234-3811 


UTAH 
Salt Lake City 
(801) 322-4747 
WASHINGTON 
Bellevue 
(206) 453-9944 
WISCONSIN 
Brookfield 
(414) 782-1818 
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SALES OFFICES (continuea) 


INTERNATIONAL 
OFFICES 


Electronica NSC de Mexico SA 
Juventino Rosas No, 118-2 

Col Guadalupe Inn 

Mexico, 01020 D.F. Mexico 

Tel: 52-5-524-9402 


National Semicondutores 

Do Brasil Ltda. 

Av. Brig. Faria Lima, 1383 

6.0 Andor-Conj. 62 

01451 Sao Paulo, SP, Brasil 

Tel: (65/11) 212-5066 

Pax: (55/11) 211-1181 NSBR BR 


National Semiconductor GmbH 
Industriestrasse 10 

D-8080 Furstenfeldbruck 

West Germany 

Tel: (0-81-41) 103-0 

Telex: 527-649 


National Semiconductor (UK) Ltd. 


The Maple, Kembrey Park 
Swindon, Wiltshire SN2 6UT 
United Kingdom 

Tel: (07-93) 61-41-41 

Telex: 444-674 

Fax: (07-93) 69-75-22 

LE ifolat-lmetulceelaleltioi elm =l-aiebg 
Vorstlaan 100 

B-1170 Brussels 

Belgium 

Tel: (02) 6-61-06-80 

Telex: 61007 


National Semiconductor (UK) Ltd. 


Ringager 4A, 3 
DK-2605 Brondby 
Denmark 

Tel: (02) 43-32-11 
Telex: 15-179 
Fax: (02) 43-31-11 
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National Semiconductor S.A. 
Centre d’Affaires-La Boursidiere 
Batiment Champagne, B.P. 90 
Route Nationale 186 

F-92357 Le Plessis Robinson 
France 

Tel: (1) 40-94-88-88 

Telex: 631065 

Fax: (1) 40-94-88-11 


National Semiconductor (UK) Ltd. 


Unit 2A 

Clonskeagh Square 
10} [olar-i.¢-r-le am aiey-Le] 
Dublin 14 

Tel: (01) 69-55-89 
Telex: 91047 

Fax: (01) 69-55-89 
National Semiconductor S.p.A. 
Strada 7, Palazzo R/3 
20089 Rozzano 
Milanofiori 


, Italy 


Tel: (02) 8242046/7/8/9 


National Semiconductor (UK) Ltd. 


OMe = 10) a4") 

N-1321 Stabekk 
Norway 

Tel: (2) 12-53-70 
Fax: (2) 12-53-75 
National Semiconductor AB 
Box 2016 
Stensatravagen 13 
S-12702 Skarholmen 
Sweden 

Tel: (08) 970190 
Telex: 10731 


National Semiconductor 
Calle Agustin de Foxa, 27 
28036 Madrid 

Spain 

Tel: (01) 733-2958 

Telex: 46133 


_ 
\ 
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National Semiconductor 
Switzerland 

Alte Winterthurerstrasse 53 
Postfach 567 

Ch-8304 Wallisellen-Zurich 
Switzerland 

Tel: (01) 830-2727 

Telex: 828-444 

National Semiconductor 
Kauppakartanonkatu 7 A22 
SF-00930 Helsinki 

Finland 

Tel: (90) 33-80-33 

Telex: 126116 


' National Semiconductor 


Postbus 90 


°1380 AB Weesp 


The Netherlands 

Tel: (0-29-40) 3-04-48 
Telex: 10-956 

Fax: (0-29-40) 3-04-30 
National Semiconductor Japan 
Ltd. 

Sanseido Bidg. 5F 
4-15 Nishi Shinjuku 
Shinjuku-ku 

Tokyo 160 Japan 

Tel: 3-299-7001 

Fax: 3-299-7000 


National Semiconductor 

Hong Kong Ltd. 

Suite 513, 5th Floor, 

Chinachem Golden Plaza, 

77 Mody Road, Tsimshatsui East, 
Lolu(olelama m(elale Macelale] 

Tel: 3-7231290 

Telex: 52996 NSSEA HX 

Fax: 3-3112536 
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ED ifelar-lmt-uilieelalel tle colg 
(Australia) PTY, Ltd. 

1st Floor, 441 St. Kilda Rd. 
Melbourne, 3004 

Victory. Australia 

Tel: (03) 267-5000 

Fax: 61-3-2677458 


National Semiconductor (PTE), 
Ltd. 

200 Cantonment Road 13-01 
STol¥i ia) efelialt 

Singapore 0208 

Tel: 2252226 

Telex: RS 33877 


NE Lifelat-lm-l-iunlievelslel len tolm tala =t-1-39) 
Ltd. ‘ 
Taiwan Branch | 

P.O. Box 68-332 Taipei 

7th Floor, Nan Shan Life Bldg. 

302 Min Chuan East Road, 

Taipei, Taiwan R.O.C. 

Tel: (86) 02-501-7227 

Telex: 22837 NSTW 

Cable: NSTW TAIPE! 


National Semiconductor (Far East) 
Ltd. 

Korea Branch 

13th Floor, Dai Han Life Insurance 
63 Building, 

60, Yoido-dong, Youngdeungpo-ku, 
Seoul, Korea 150-763 

Tel: (02) 784-8051/3, 785-0696/8 
Telex: 24942 NSPKLO 

Fax: (02) 784-8054 





